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* t Since the 1950s, drugs with demonstrated efficacy in a broad range of severe psychiatric 
disorders have been developed, leading to the emergence of the subspecialty of psy- 

% chopharmacology. Knowledge of the actions of such agents has greatly stimulated re- 
j° .v search in biological psychiatry aimed at defining pathophysiological changes. This chap- 
| ;;;vfer reviews current knowledge of the pharmacology of antipsychotic and antianxiety 

I y agents; antimanic, mood-stabilizing, and antidepressant agents are covered in Chapter 

J v . Effective antipsychotic (neuroleptic) agents include tricyclic phenothiazines, thio- 

I \z xanthenes, and dibenzepines, as well as fmtyrophenones and congeners, other hetero- 

1 /; cyclics, and experimental benzamides. Virtuh(h all block D2 dopaminergic receptors and 

I ^ inactivate dopamine neurotransmission inforebnain; some also interact with Dl dopamin- 

! ergic, 5-HTj serotontrgic^and ot-adrenergic receptors. The recent discovery of additional 

~ dopamine receptor subtypes may, lead to further hmovations. Neuroleptics are highly 
\ J . lipophilic, metabolized mainlytiy hepatic oxidative mechanisms, and may have complex 

: elimination kinetics. These drugs have been shown to ojfcr effective palliative treatment 
f of organic or idiopathic psychotic disorders with acceptableSafety and practicality. Agents 
of high potency have more acute extrapyramidal neurological effects, and low-potency 
I : agents induce more sedative, hypotensive, and autonomic side effects. Treatment of acute 

\ psychotic illness typically involves daily doses up to the equivalent of 10 to 20 mg of 

| fluphenazine or halpperidol (at serum concentrations of about 5 to 20 ng/ml) or 300 to 

\ ■ 600mg of chlorpromazine; higher doses are not usually more effective, long-term main- 

| 1^ tenance treatment usually requires lower doses, and tolerance virtually is unknown. Most 

x neuroleptics induce characteristic neurological side effects (dystpnia, akathisia, bradyki- 
l )t' nesia, dyskinesias); several atypical agents^e.g., clozapine and risperidone in low doses) 

| have limited extrapyramidal side effects. \ / 

\ The pharmacological treatment of anxiety^isordejtfcurrently is based primarily on 

p the use of benzodiazepine sedative -antianxiety agents^ which facilitate neuronal hyperpo- 

\ larization through the gamma-aminobutyric acid-receptor-Cl~ channel macromolecular 

I complex. Unlike many psychotropic agents, the clinical actions of benzodiazepines are 

\ T l best un d ersto °d as a reflection of their early absorption rates and distribution kinetics. 

^ Potent benzodiazepines are effective in panic disorder as welLas in generalized anxiety 
disorder. Their long-term rishbenefit ratio remains controversial. Serotonin 5-HT IA par- 
" tial agonists such as buspirone also have useful anxiolytic and other psychotropic activ- 
1 ity, and less likelihood of inducing sedation or dependence. Specialized uses of antide- 
■ ( pressants discussed in the following chapter include the treatment of certain severe anxiety 
?r disorders. 
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The use of drugs with demonstrated efficacy in psychiatric 
disorders has become widespread since the mid-1950s. To- 
day, about 10% to 15% of prescriptions written in the 
United States are for medications intended to affect men- 
tal processes: to sedate, stimulate, or otherwise change 
mood, thinking, or behavior. This practice reflects both the 
high frequency of primary psychiatric disorders and the 
nearly inevitable emotional reactions of persons with med- 
ical illnesses. In addition, many drugs used for other pur- 
poses also modify emotions and cognition either as part of 
their usual actions or as toxic effects of overdosage (see 
especially Chapter 24). This and the following chapter dis- 
cuss psychotropic agents used primarily for the treatment 
of psychiatric disorders. The study of the chemistry, dis- 
position, actions, and clinical pharmacology of such drugs 
has led to development of the specialty widely known as 
psychophannacology. 

Psychotropic agents can be placed into four major cat- 
egories. Antipsychotic or neuroleptic drugs are those used 
to treat very severe psychiatric illnesses, the psychoses and 
mania: they have beneficial effects on mood and thought 
but carry the risk of producing characteristic side effects 
that mimic neurological diseases. Antianxiety- sedative 
agents, particularly the benzodiazepines, are those used for 
the drug therapy of anxiety disorders. Antidepressants 
f mood-elevating agents) and antimanic or mood-stabiliz- 
ing drugs (notably, lithium salts and certain anticonvul- 
sants) are those used to treat affective or mood disorders 
and related conditions {see Chapter 19). 

The use of drugs in the treatment of psychiatric dis- 
orders. is becoming more precise as psychiatric diagnoses 
continue to gain objectivity, coherence, and reliability. 
Searches for biological bases of psychiatric illnesses have 
been stimulated by knowledge of the mechanisms of ac- 
tion of psychotropic agents and the emergence of a med- 
ical discipline commonly known as biological psychiatry 
(Weil-Malherbe. 1967: Baldessarini. 1996a). The diagnos- 
tic terminology and criteria for psychiatric disorders cur- 
rently employed in the United States are well described in 
the Diagnostic and Statistical Manual of Mental Disorders 
of the American Psychiatric Association (1994). 

History. Modification of behavior, mood, and emotion by drugs al- 
wa\s has been a favorite practice of human beings. The use of psy- 
choactive drugs evolved along two related pathsMhe use of drugs "to 
modih norma] behavior and to produce altered states of feeling for 
religious, ceremonial, or recreational purposes and their use to alie- 
nate mental ailments. Fascinating accounts of the earlv history and 



characteristics of many psychoactive compounds, particularly those 
derived from natural products, are presented by Lewin (1931) and 
Efron and associates (1967). In 1845. Moreau proposed that hashish 
intoxication provided a model psychosis useful in the study of in- 
sanity. Three decades later. Freud presented his study of cocaine and 
suggested its potential uses in pharmacotherapy. Soon thereafter. 
Kraepelin founded the first laboratory of clinical psychopharmacol- 
ogy in Germany and evaluated psychological effects of drugs in hu- 
mans. In 1931. Sen and Bose published the first report of the use of 
Ramvolfui serpentina in the treatment of insanity (see Shore and Gi- 
achetti. 1978). Insulin shock, pentylenetetrazol-induced convulsions, 
and electroconvulsive therapy followed in 1933, 1934, and 1 937, re- 
spectively. Treatments for both major depression and schizophrenia 
thus became available. Amphetamine (a congener of ephedrine, an 
active component of the Chinese herbal agent ma huang) was the 
first synthetic drug to provide a model psychosis. In 1943, Hofmann 
ingested a minute amount of the ergot derivative lysergic acid di- 
ethylamide (LSD) and experienced its hallucinogenic effects. His 
report of the high potency of LSD popularized the concept that a 
toxic substance or product of metabolism might be a cause of mental 
illness. 

The first modern report on the 'treatment of psychotic excite- 
ment or mania with lithium salts was that of Cade (1949). Because 
of concerns about the toxicity of lithium, this discovery was slow in 
gaining general acceptance by the medical community. In 1950. 
chlorpromazine was synthesized in France. The recognition of the 
unique effects of chlorpromazine by Laborit and colleagues (1952) 
and its use in psychiatric patients by Delay and Deniker (1952) 
marked the beginnings of modern psychopharmacology. The history 
of this revolutionary era in psychiatric therapeutics is recounted by 
Ayd and Blackwell (1970). The term tranquilizer was introduced in 
the early 1 950s by Yonkman to characterize the psychic effect of re* 
serpine. Despite its popularity, this term is ambiguous and mislead- 
ing. 

A report on meprobamate by Berger (1954) marked the begin- 
ning of investigations of modern sedatives with useful antianxiety 
properties. An anti tubercular drug, iproniazid. was introduced in the 
early 1950s and soon was recognized as a monoamine oxidase in- 
hibitor and antidepressant (Kline. 1958): in 1958. Kuhn recognized 
the antidepressant effect of imipramine. The first of the antianxiety 
benzodiazepines, chlordiazepoxide. was developed by Sternbach in 
1957. In the following year Janssen discovered the antipsychotic 
properties of haloperidol, a butyrophenone (see Janssen, 1974). and 
thus still another class of antipsychotic agents became available. Dur- 
ing the 1960s the expansion of psychopharmacological research was 
rapid, and many new theories of psychoactive drug effects were in- 
troduced. The clinical efficacy of many of these agents was firmly 
established during that decade. 

For many years, the role of biogenic amines and their receptors 
in the CNS in mediating effects of psychotropic drugs has been em- 
phasized and has stimulated searches for the causes of mental illness. 
In addition, increasing attention has been paid to the liabilities of 
treatment with psychotherapeutic drugs, especially their limited ef- 
ficacy in severe or chronic mental illnesses, their risk of sometimes 
serious toxic effects, and the limitations of screening and testing 
methods used to develop new agents. The antipsychotic, mood-sta- 
bilizing, and antidepressant agents used to treat the most severe men- 
tal illnesses have had a remarkable impact on psychiatric practice 
and theory— an impact that legitimately can be called revolutionary 
and one that is experiencing continued innovation. 
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Nosology. The different classes of psychotropic agents 
are selective in their ability to modify symptoms of men- 
tal illnesses. The optimal use of such drugs thus requires 
familiarity with the differential diagnosis of psychiatric 
conditions (see Kaplan and Sadock, 1989; American Psy- 
chiatric Association. 1994). A few salient aspects of psy- 
chiatric nosology (the science of the classification of 
diseases) are summarized briefly here, and additional infor- 
mation is provided in the discussion of specific classes of 
drugs. 

Basic distinctions are made among the psychoses, cognitive dis- 
orders, mood disorders, anxiety disorders, and disorders of person- 
ality. The psychoses are among the most severe psychiatric disorders, 
in which there is not only marked impairment of behavior but also a 
serious inability to think coherently, to comprehend reality, or to gain 
insight into the presence of these abnormalities. The psychoses com- 
monly include symptoms of false beliefs (delusions) and abnormal 
>ensaiions (hallucinations). The psychotic disorders are suspected of 
having a neurobiological basis, but usually are distinguished from 
the cognitive disorder syndromes of delirium and dementia. 

The cognitive disorders commonly are associated with definable 
neuropathological. metabolic, or toxic (including drug-induced) 
changes and are characterized by confusion, disorientation, and mem- 
ory disturbances as well as behavioral disorganization. In general, 
the effectiveness of pharmacological treatment of the core cognitive 
impairment in the dementias remains limited, despite extensive ef- 
toris to develop effective treatments. These have included use of stim- 
ulants, so-called nootropics (e.g.. periacetam). cholinesterase in- 
hibitors fKnapp et al. 1994). putative cerebral vasodilators (e.g., 
?r ?ot alkaloids, papaverine, isoxuprine), and the calcium channel 
Mockers such as nimodipine (see Chapters 33 and 34). This topic is 
n °i specifically covered in this chapter, but is discussed elsewhere 
! ^ Baldessarini. 1996b). 

The etiological basis of other psychotic disorders remains un- 
known, although genetic and neurodevelopmental as well as envi- 
Omental causative factors have been proposed. Representative syn- 
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m this category include schizophrenia, brief psychoses, and 
U5 'onal disorders, although psychotic features also are not un- 
^mrnon in the major mood disorders, particularly mania and severe 
^Pression. The psychotic illnesses are characterized by disorders of 
ln ^ing processes as inferred from illogical or highly idiosyncratic 
t0r nmunications. with disorganized or irrational behavior and vary- 
ln t? degrees of altered mood that can range from excited agitation to 
ere emotional withdrawal. Idiopathic psychoses characterized 
jnly by chronically disordered thinking and emotional withdrawal 
^11 °^ en assoc ' atec * w ' tn delusions and auditory hallucinations are 
f) ^ ccl sc hi:.ophrenia. Acute or recurrent idiopathic psychoses also 
jfir ^ ear an uncerlam relationship to schizophrenia or the ma- 
tan^^ Cl ' Ve borders. In addition, more or less isolated delusions 

^e in delusional disorder or paranoia, 
of major disorders of mood or affect include the syndromes 
^ ^ a jor depression (formerly including melancholia) and bipolar 
,° 1 r ^ er 'formerly manic-depressive disorder). They commonly in- 
disordered autonomic- functioning (e.g.. altered activity 
n 0r v - sl eep. and appetite) and behavior, as well as persistent ab- 
d ll,es of mood and increased risk of self-harm or suicide. These 
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Antipsychotic drugs exert beneficial effects in many types of 
psychotic illness and are not selective for schizophrenia. Their ben- 
eficial actions are found in disorders ranging from postsurgical delir- 
ium and amphetamine intoxication to paranoia, mania, and psychotic 
depression, and they can be beneficial against the agitation of 
Alzheimer's dementia. They are especially beneficial in severe de- 
pression and possibly other conditions marked by severe anxiety or 
agitation. Thus, in general, psychotropic drugs are not disease-spe- 
cific: they provide clinical benefit for a range of syndromes. How- 
even as noted later in this chapter, they are not appropriate for rou- 
tine use in most anxiety disorders. 

The less pervasive psychiatric disorders include the neuroses or 
anxiety-associated disorders. Whereas the ability to comprehend re- 
ality is retained, suffering and disability are sometimes very severe. 
Neuroses may be acute and transient or. more commonly, persistent 
or recurrent. Their symptoms may include mood changes (anxiety, 
panic, dysphoria) or limited abnormalities of thought (obsessions, ir- 
rational fears) or of behavior (rituals or compulsions, pseudoneuro- 
logical or "hysterical" conversion signs). In such disorders, drugs 
may have some beneficial effects, particularly by modifying associ- 
ated anxiety and depression and so facilitating a more comprehen- 
sive program of treatment and rehabilitation. Because of the side ef- 
fects of most of the available antipsychotic agents, their use should 
be reserved for appropriately severe illnesses. They have only a lim- 
ited role in the treatment of affective disorders, which often require 
prolonged treatment. 

Other lifelong conditions, including the so-called personality 
disorders, may or may not respond to medical intervention. Many of 
these conditions include characteristic personality styles [e.g., 
avoidant, paranoid, withdrawn, dependent, unstable). Other disorders 
involve patterns of behavior (e.g. r abuse of alcohol or other sub- 
stances, deviant eating patterns, hypochondriasis, antisocial or other 
abnormal behaviors). Typically, drugs are not effective in such 
chronic conditions except when anxiety or depression occur; they 
also may be effective in some cases of bulimia or obsessive-com- 
pulsive disorder or in the medical management of withdrawal from 
addicting substances (see Chapter 24). 



Biological Hypotheses in Mental Illness. The introduction in the 
1950s of relatively effective and selective drugs for the management 
of schizophrenia and manic-depressive patients encouraged formu- 
lation of biological concepts of the pathogenesis of these major men- 
tal illnesses. In addition, other agents were discovered that mimic 
some of the symptoms of severe mental illnesses. These include LSD. 
which induces hallucinations and altered emotional states, and ami- 
hypertensive agents such as reserpine. which can induce depression. 
A leading hypothesis that arose from such considerations was based 
on observations indicating that antidepressants enhance the biologi- 
cal activity of monoamine neurotransmitters in the central nervous 
system (CNS) and that antiadrenergic compounds may induce de- 
pression. These observations led to speculation that a deficiency of 
aminergic transmission in the CNS might be causative of depression 
or that an excess could result in mania. Further, since antipsychotic 
agents antagonize the actions of dopamine as a neurotransmitter in 
the forebrain. it was proposed that there may be a state of functional 
overactivity of dopamine in the limbic system or cerebral cortex 
in schizophrenia or mania. Alternatively, an endogenous psychoto- 
mimetic compound might be produced either uniquely or in excessive 
quantities in psychotic patients. 
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This "pharmacocentric" approach to the construction of hy- 
potheses is appealing and has gained support from studies of the ac- 
tions of antipsychotic and antidepressant drugs, while also encour- 
aging further development of similar agents. In turn, the plausibility 
of such biological hypotheses has encouraged interest in genetic stud- 
ies, as well as in clinical biochemical studies. Despite extensive ef- 
forts, attempts to document metabolic changes in human subjects pre- 
dicted by these hypotheses have not, on balance, provided consistent 
. or compelling corroboration (Baldessarini, 1 996a; Meltzer and Lowy, 
1987; Weil-Malherbe, 1967). Moreover, results of genetic studies 
have provided evidence that inheritance can account for only a por- 
tion of the causation of mental illnesses, leaving room for environ- 
mental and psychological hypotheses. 

The antipsychotic, antianxiety, antimanic. and antidepressant 
drugs have effects on cortical, limbic, hypothalamic, and brainstem 
mechanisms that are of fundamental importance in the regulation of 
arousal, consciousness, affect, and autonomic functions. It is quite 
possible that physiological and pharmacological modification of 
these brain regions has important behavioral consequences and use- 
ful clinical effects regardless of the fundamental nature or cause of 
the mental disorder in question. The lack of specificity of most psy- 
chotropic drugs for particular diseases tends to reduce the chances 
of finding a discrete metabolic correlate for a specific disease based 
simply on the actions of therapeutic agents. Finally, the technical 
problems associated with attempts to study changes in the metabo- 
lism or the postmortem chemistry of the human brain are formida- 
ble. Among these are artifacts introduced by drug treatment itself. 

In summary, the available information does not permit a con- 
clusion as to whether discrete biological lesions are the crucial ba- 
sis of the most severe mental illnesses (other than the deliria and de- 
mentias ). Moreover, it is not necessary to presume that such a basis 
is operative to provide effective medical treatment for psychiatric pa- 
tients. Furthermore, it would be clinical folly to underestimate the 
importance of psychological and social factors in the manifestations 
of mental illnesses or to overlook psychological aspects of the con- 
duct of biological therapies (Baldessarini. 1994, 1996b; Janicak et 
uL 1993). 

Identification and Evaluation of Psychotropic Drugs. 

Although rational development and assessment of the ef- 
ficacy of any drug is problematic, the difficulties in eval- 
uating psychoactive drugs are particularly challenging. The 
essential characteristics of human mental disorders cannot 
be reproduced in animals. Cognition, communication, and 
social relationships in animals are difficult to compare with 
human conditions. Thus, screening procedures in animals 
are of limited utility for the discovery of unique therapeu- 
tic agents. Contemporary pharmacology has provided 
many techniques for characterizing the actions of known 
psychotropic and other CNS agents at the cellular and mo- 
lecular levels. Characteristics such as affinity for specific 
receptors or transporters can lead to the identification of 
new agents. Further innovation is anticipated from the rapid 
recent progress in identifying novel subtypes of classical 
neurotransmitter receptors and many other macromolecu- 
lar target sites in brain tissue for potential new drugs 
(Baldessarini. 1996a. 1996b). In addition, clinical evalua- 



tion of hew drugs is hampered by inhomogeneity of diag- 
nostic groups and difficulty in application of valid, sensi- 
tive measurements of the effects of therapy. As a conse- 
quence, the results of clinical trials of psychotropic agents 
sometimes seem equivocal or inconsistent. Reviews of the 
principles and problems in identifying the efficacy and 
safety of psychotropic drugs are available (Baldessarini, 
1996b; Janicak et al, 1993). 

I. Drugs Used in the Treatment 
of Psychoses 

Several classes of drugs are effective in the symptomatic 
treatment of psychiatric disorders. They are most appro- 
priately used in the therapy of schizophrenia, the manic 
phase of manic-depressive illness, and other acute idio- 
pathic psychotic illnesses. They are also used as an alter- 
native to electroconvulsive therapy (ECT) in severe de- 
pression with psychotic features and sometimes in the 
management of patients with organic psychotic disorders. 
Effective antipsychotic compounds include the phenothi- 
azines, structurally similar thioxanthenes, and hetero- 
cyclic dibenzazepines; the butyrophenones (phenyi- 
butylpiperidines) and diphenylbutylpiperidines; and the 
indolones and other heterocyclic compounds. The less ef- 
fective Rauwolfia alkaloids and related amine-depleting 
agents are now only of historical interest. Since these 
chemically dissimilar drugs share many properties, infor- 
mation about their pharmacology and clinical uses is pre- 
sented for the group as a whole. Particular attention is paid 
to chlorpromazine, the oldest representative of the phe- 
nothiazine-thioxanthene group of antipsychotic agents, 
and haloperidol, the original butyrophenone and represen- 
tative of several related classes of aromatic butylpiperidin^ 
derivatives. 

Many patients have been treated with the antipsy* 
chotic (neuroleptic) agents since their introduction in the 
1950s. Although the antipsychotic drugs have had a revo- 
lutionary, beneficial impact on medical and psychiatric 
practice, their liabilities, especially their almost relentless 
association with extrapyramidal neurological effects, als° 
must be emphasized (see Baldessarini. 1996b). 



Antipsychotic agents are used primarily in the manage 
ment of patients with psychotic or other serious psy^ n1 ' 
atric illnesses marked by agitation and impaired reasoning 
These drugs have other properties that possibly are usef ul 
clinically, including antiemetic and antihistaminic effc ct> 
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and the ability to potentiate analgesics, sedatives, and gen- 
eral anesthetics; many of these actions are discussed else- 
where in this text (see Index). At the present time, more 
than three dozen neuroleptic drugs are used in psychiatric 
conditions worldwide; still others are marketed primarily 
for other uses. The term neuroleptic has taken on conno- 
tations, at least in the United States, of relatively promi- 
nent experimental and clinical antagonism of D2 dopamine 
receptor activity, with substantial risk of extrapyramidal 
side effects. In recent years, the term atypical neuroleptic 
has been used to describe antipsychotic agents that are not 
associated with extrapyramidal side effects of which cloza- 
pine (discussed later) is the principal example available for 
clinical use in the United States. 

History. The history of the antipsychotic agents is especially well 
summarized by Swazey (1974) and Caldwell (1978). In the early 
1950s, some antipsychotic effects were obtained with extracts of the 
Rauwoifia plant and then with large doses of pure reserpine. which 
was later chemically synthesized by Woodward. Although reserpine 
and related compounds that share its ability to deplete monoamines 
from their vesicular storage sites in neurons exert antipsychotic ef- 
fects, these are relatively weak and are typically associated with se- 
vere side effects, including sedation, hypotension, diarrhea, anergy, 
and depressed mood. Thus, the clinical utility of reserpine primarily 
has been as an antihypertensive agent (see Chapter 33). 

Phenothiazine compounds were synthesized in Europe in the late 
nineteenth century as part of the development of aniline dyes such as 
methylene blue. In the late 1930s a phenothiazine derivative, prome- 
thazine was found to have antihistamine and sedative effects. Attempts 
*o treat agitation in psychiatric patients with promethazine and other 
antihistamines followed in the 1940s, but with little success. 

Meanwhile, the ability of promethazine to prolong barbiturate 
keeping time in rodents was discovered, and the drug was introduced 
lnt0 clinical anesthesia as a potentiating and autonomic stabilizing 
a °em f Laborit et al. t 1952). This work prompted a search for other 
Phenothiazine derivatives with anesthesia-potentiating actions, and in 
'949- 1 950 Charpentier synthesized chlorpromazine. Soon thereafter, 
Laborit and colleagues described the ability of this compound to po- 
ie ntiate anesthetics and produce "artificial hibernation." Chlorpro- 
mazine by itself did not cause a loss of consciousness but diminished 
^ r ousal and motility, with some increased tendency to promote sleep. 

nese central actions became known as ataractic or neuroleptic soon 
^reafter. 

The first attempts to treat mental illness with chlorpromazine 
|^ r e made in Paris in 1951 and early 1952 by Paraire and Sigwald. 
n 1952. Delay and Deniker became convinced that chlorpromazine 
a chieved more than symptomatic relief of agitation or anxiety and 
dI 11 had an ameliorative effect upon psychotic processes with di- 
symptomatology. In 1954. Lehmann and Hanrahan in Mon- 
, r ^ d |' Allowed by Winkelman in Philadelphia, reported the initial use 
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•promazine in North America for the treatment of psychomo- 

ex citement and manic states as well as schizophrenia. Clinical 

^' es So °n revealed that chlorpromazine was effective in the treat- 
ment of 



psychotic disorders of various types. 



v emis trv and Structure-Activity Relationship. This topic is re- 
athr^ ln ° etaiI e ' sewhere (Baldessarini. 1996a). Phenothiazine has 
te "nn» structure in which two benzene rincs are linked bv a sul- 



fur and a nitrogen atom {see Table 18-1). If the nitrogen at position 
10 is replaced by a carbon atom with a double bond to the side chain, 
the compound is a thioxanthene. 

Substitution of an electron-withdrawing group at position 2 in- 
creases the efficacy of phenothiazines and other tricyclic congeners 
(e.g.. chlorpromazine vs. promazine). The nature of the substituent 
at position 10 also influences pharmacological activity. As can be 
seen in Table 18-1, the phenothiazines and thioxanthenes can be di- 
vided into three groups on the basis of substitution at this site. Those 
with an aliphatic side chain include chlorpromazine and triflupro- 
mazine among the phenothiazines; these compounds are relatively 
low in potency (but not in clinical efficacy). Those with a pipehdine 
ring in the side chain include thioridazine and mesoridazine. There 
appears to be a lower incidence of extrapyramidal side effects with 
this substitution, possibly due to increased central antimuscarinic ac- 
tivity. Several potent phenothiazine antipsychotic compounds have a 
piperazine (or piperazinyl) group in the side chain: fluphenazine and 
trifluoperazine are examples. Use of these potent compounds, most 
of which have relatively weak anticholinergic activity, entails a 
greater risk of inducing extrapyramidal side effects but less tendency 
to produce sedation or autonomic side effects such as hypotension, 
unless unusually large doses are employed. Several piperazine phe- 
nothiazines have been esterified at a free hydroxyl group with long- 
chain fatty acids to produce slowly absorbed and hydrolyzed, long- 
acting, highly lipophilic prodrugs. Fluphenazine enanthate and 
decanoate and haloperidol decanoate are available in the United 
States. 

The thioxanthenes also have aliphatic or piperazine substituents. 
The analog of chlorpromazine among the thioxanthenes is chlorpro- 
thixene. Piperazine-substituted thioxanthenes include clopenthixoi 
flupenthixol, piflutixol, and thiothixene: they are all potent and ef- 
fective antipsychotic agents, although only thiothixene is available in 
the United States. Since thioxanthenes have an olefinic double bond 
between the central-ring carbon atom at position 10 and the side 
chain, geometric isomers exist; the cis (or a) isomers are the more 
active. 

The phenothiazines and thioxanthenes used in psychiatry have 
three carbon atoms interposed between position 10 of the central ring 
and the first amino nitrogen atom of the side chain at this position; 
the amine is always tertiary. Antihistaminic phenothiazines {e.g.. 
promethazine) or strongly anticholinergic phenothiazines (e.g., etho- 
propazine, diethazine) have only two carbon atoms separating the 
amino group from position 10 of the central ring. Metabolic N-des- 
alkyiation of the side chain or increasing the size of amino N-alkyl 
substituents reduces activity. 

Another group of tricyclic antipsychotic agents are the dibenz- 
epines, containing a seven -member central ring, of which loxapine 
(a dibenzoxazepine) and clozapine (a dibenzodiazepine) are available 
in the United States. They exemplify two growing families of agents. 
The loxapine -like family includes potent and typical neuroleptic 
agents with prominent antidopaminergic activity {e.g.. clothiapine, 
metiapine. loxapine, zotapine, and others). They have an electron- 
withdrawing moiety at position 2. relatively close to the side-chain 
nitrogen atoms. The clozapi ne- 1 ike family either lacks a ring sub- 
stituent [e.g.. 1CI-204.636) or has an electronegative substituent at 
position 8. away from the side-chain nitrogen atoms (e.g., clozapine, 
fluperlapine. olanzapine, and others). Clozapine-like agents tend to 
have low potency, to have a relatively low affinity at most dopamine 
receptors, and to interact at several other classes of receptors (mus- 
carinic. 5-HT 2 . Q-adrenergic. H| histamine, and others). Some are 
highly effective antipsychotic agents, even in chronically ill patients 
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Table 18-1 

Selected Antipsychotic Drugs: Chemical Structures, Doses and Dosage Forms, and Side Effects* 



NONPROPRIETARY TRADE 
NAME NAME 


^ dose and 

dosage forms t 


SIDE EFFECTS - Jm 


Phenothiazines 


Adult Antipsychotic Single 
Oral Dose Range — Intramuscular 
Daily Dosage Dose t > 

Usual, Extreme, § Usual, 
mg mg mg 


Extra- 

Sedative pyramidal Hypom 
^Effects Effects v ,£j§ 

J 1 


6 s 4 

9 | 1 2 
R, 


Ri 


R 2 


Chloipromazine hydrochloride 

-(CH 2 ) 3 -N(CH 3 ) 2 

Thorazine, others 


-a 


200-800 30-2000 25-50 
O, SR, L, I, S 


■■+++ 


Mesoridazine besylate 
-{CH 2 ) 2 ^^). 

7 

CH 3 

SERENTIL 


-SCH 3 


75-300 30-400 .25 
O, L,I L 


+++ + , 


Thioridazine hydrochloride 

/ V 

N — / 
1 

CH 3 

MELLARIL, MILLAZINE 


-SCH 3 


150-600 20-800 
O, L 


+++ + +jM 

■ -%UU 


Acetophenazine maleate 

HCH 2 ) 3 -t/ \|HCH,) 8 -QH 
TINDAL 


— COCH 3 


40-120 40-400 

V 0 


++ ■ + + 


Huphenazine hydrochloride 
Fluphenazine enanthate 
Huphenazine decanoate 

-(CH 2 ) 3 -l/ \lHCH,) 8 -OH 
PERMITIL and PROLIXIN 

(hydrochlorides) 
prolixin (enanthate 
and decanoate) 


-CF 3 


2-20 * 0.5-30 1.25-2.5 

(decanoate or 
enanthate: 
12.5-50 every 
1-4 weeks) 

p, L, I 


+ + + + + + m 

I ' J 


Perphenazine 

tCH 2 ) 3 — ^N-{CH 2 | 2 -OH 

TRILAFON 


-CI 


8-32 4-64 5-10 
O, L, I 


++ ++ +*3 
'91 


Trifluoperazine hydrochloride 

/ \ 

-tCH 2 ) 3 -N^ — CH 3 

STELAZINE, SUPRAZINE 


-CF 3 


5-20 2-30 1-2 
O, L, I 


+ ++•+ +- f a 

Mm 



Iqprietary 

([NAME 

ahihenes 



othixene 
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liable 18-1 

[Selected Antipsychotic Drugs: Chemical Structures, Doses and Dosage Forms, and Side Effects* (Continued) 



P NONPROPRIETARY TRADE 
j> NAME NAME 


DOSE AND 
DOSAGE FORMS t 


SIDE EFFECTS 


P. Thioxanthenes 


Adult Antipsychotic Single 
Oral Dose Range — Intramuscular 
Daily Dosage Dose t 

Usual, Extreme, § Usual, 
mg mg mg 


Extra- 
Sedative pyramidal Hypotensive 
Effects Effects Effects 


[ :6CO, 

1 9 1 ' 2 
1. R, 




R 2 


RL Chlorprothixene 

m CH-(CH 2 ) 2 -N(CH 3 ) 2 

ft TARACTAN 


—CI 


50-400 30-600 25-50 
O, L, I 


+ + + ++ + + 


IF" Thiothixene hydrochloride 

M; CH(CH 2 ) 2 -N^ Vl-CHa 
K NAVANE 


— so 2 

1 

N(CH 3 ) 2 


5-30 2-30 2-4 
O, L, I 


+ to ++ + + + + + 


R 0//j er Hete rocycl ic Compounds 






Br Clozapine 

M ,pH 3 

I O 

■r i 
K h - 

K' CLOZARIL 


150-450 12.5-900 
0 


+++ 0 +++ 


BiHaloperidol and haloperidol decanoate 

Bp ^^x.\ 

H|* HALDOL, HALPERON 


2-20 1-50 2-5 

(haloperidol 
decanoate: 
25-250 
every 2-4 
weeks) 

O, L, I 


+ ++++ " + 


■fe Loxapine succinate 

■pox 

BR: \t— ch, 

m w 

Hh' LOXITANE 


60-100 20-250 12.5-50 
O, L, I 


+ ++ + 


^KMolindone hydrochloride 

HB MOBAN 


50-225 15-225 
O, L 


+ + ++ + 
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NONPROPRIETARY TRADE 
NAME NAME 


' e~ - w» 

DOSE AND 
DOSAGE FORMS t 


SIDE EFFECTS " 


Other Heterocyclic Compounds (com.) 






Pimozide 

N^— CH 2 CH 2 CH 2 CH^^^-F 

OX v 


2-6 1-10 


+ + + + + / 

\ 

■M 


ORAP 


0 




Risperidone 

F 


2-8 0,25-16 


++ . ++ 


0 N \ '/ ^N /C 

RISPERDAL 






0 





4 ' ° — " "6 V J«" a «"-muc tiuuipiuiimzinc, cniorpromixene ^ o years), thioridazine, and tafluprontae 

(among agents of low potency); and prochlorperazine and trifluoperazine (> 6 years) (among agents of high potency). Haloperidol (orally) has 
also been used extensively in children, 
t Dosage forms are indicated as follows: I, injection; L, oral liquid; O, oral solid; S, suppository; SR, oral, sustained release; IM, intramuscular. 
t Except for the enanthate and decanoate forms of fluphenazine and haloperidol decanoate, dosage can be given intramuscularly up to every fkm 

for agitated patients. Haloperidol lactate has been given intravenously; this is experimental. 
§ Extreme dosage ranges are occasionally exceeded cautiously and only when other appropriate measures have failed. J, 
Side effects: 0, absent; + t low; + +, moderate; + ++, moderately high; + + ++, high. / ' 



who respond poorly to standard neuroleptics. Their basic and clini- 
cal pharmacology has been reviewed by Baldessarini and Franken- 
burg (1991). Clozapine has stimulated the search for additional, safer, 
"atypical" agents with antipsychotic activity and a low risk of ex- 
trapyramidal neurological side effects. 

The butyrophenone (phenylbutylpiperidine) neuroleptics in- 
clude haloperidol (Janssen, 1965). Other experimental heterocyclic- 
substituted phenylbutylpiperidines include the spiperones. Some of 
these very potent neuroleptics are employed experimentally as ra- 
diotracers and to label dopamine D2 receptors for clinical brain scan- 
ning (Sedvall, 1992). An analogous compound, droperidol, is a very 
short-acting, highly sedative neuroleptic that is used almost exclu- 
sively in anesthesia or in psychiatric emergencies. Additional analogs 
in the diphenylbutylpiperidine series include fluspirilene, penfluri- 
dol, and pimozide (Neumeyer and Booth, 1995). These are potent 
neuroleptics with prolonged action. In the United States, pimozide is 
indicated mainly for the treatment of Tourette's syndrome of severe 
tics and involuntary vocalizations. 

Several other classes of heterocyclic compounds have neu- 
roleptic or antipsychotic effects, but too few are available or suffi- 
ciently well characterized to permit conclusions regarding struc- 



ture-activity relationships (see Neumeyer and Booth, 1995);'1to 
include several indole compounds (notably, molindone and pxyptf' 
tine). Another experimental compound, butaclamol, is pentipeyctic 
with a dibenzepine core. Its active (dextrorotatory) and inactive esan- J 
tiomeric forms have been useful in characterizing the stereooM' ^ 
istry of sites of action of neuroleptics at dopamine receptors.. 'A n**^ 
heterocyclic neuroleptic, risperidone, is a benzisoxazole with' jBomi- 
nent antiserotonergic (5-HT 2 ) as well as antidopaminergic (£>$ tf- I 
tivity. Risperidone can be considered a "quantitatively atypical" an- 
tipsychotic agent, in that its extrapyramidal neurological side elects > 
are limited if low doses are used (below 6 mg daily). A growing se- 
ries of heterocyclic neuroleptics are the enantiomeric substituted ^" i 
zamides. These include the gastroenterology agents metoclopr0$^ . 
and cisapride, which have antiserotonergic as well as anti-P 2 
dopaminergic actions. In addition, several benzamides, like the bu- 1 
tyrophenones and their congeners, are relatively selective antag^ sts 
at central D2 dopamine receptors, and many have neurofep^* 
antipsychotic activity. Experimental examples include emoncf^ 
epidepride, eticlopride, raclopride, remoxipride, and sultopr^' 
sulpiride is employed clinically in other countries, mainly as asada- _ 
tive. 
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The antipsychotic drugs share many pharmacological ef- 
fects and therapeutic applications. Chlorpromazine and 
haloperidol are commonly taken as prototypes for the 
group. Many antipsychotic drugs, especially chlorpro- 
mazine and other agents of low potency, have a prominent 
sedative effect. This is particularly conspicuous early in 
treatment, although tolerance to this effect is typical; se- 
dation may not be noticeable when very agitated psychotic 
patients are treated. Antipsychotic drugs also have an- 
tianxiety effects. However, this class of agents is not gen- 
erally used for such a purpose, largely because of their au- 
tonomic and neurological side effects, which paradoxically 
can include severe anxiety and restlessness (akathisia). The 
risk of developing extrapyramidal side effects including 
tardive dyskinesia following long-term administration of 
antipsychotic drugs makes these agents less desirable than 
others for the treatment of anxiety. 

The term neuroleptic was introduced to denote the ef- 
fects of chlorpromazine and reserpine on psychiatric pa- 
tients and was intended to contrast the effects of these 
agents with those of classical CNS depressants. The neu- 
roleptic syndrome involves suppression of spontaneous 
movements and complex behaviors, while spinal reflexes 
and unconditioned nociceptive-avoidance behaviors re- 
main intact. In human beings, neuroleptic drugs reduce ini- 
tiative and interest in the environment, as well as mani- 
festations of emotion or affect. Initially, there may be some 
slowness in response to external stimuli and drowsiness. 
However, subjects are easily aroused, can answer direct 
questions, and retain intact intellectual functions; ataxia, 
incoordination, or dysarthria do not occur at ordinary 
doses. Typically, psychotic patients soon become less ag- 
ll ated, and withdrawn or autistic patients sometimes be- 
come more responsive and communicative. Aggressive and 
'mpulsive behavior diminishes. Gradually (usually over a 
Period of days), psychotic symptoms of hallucinations, 
delusions, and disorganized or incoherent thinking tend to 
disappear. Early clinical reports of the effects of chlorpro- 
m azine also described neurological effects, including 
bradykinesia, mild rigidity, some tremor, and subjective 
re $tlessness (akathisia), that resemble the signs of Parkin- 
s °n's disease. 

Although the original use of the term neuroleptic ap- 
pears to have encompassed the whole unique syndrome 
just described and is widely used as a synonym for an- 
tl Psychotic\ there is now a tendency to use the term neu- 
r °lepti c to emphasize the more neurological aspects of the 
Sv ndrome (i.e.. the parkinsonian and other extrapyramidal 



effects). Except for clozapine, all antipsychotic drugs avail- 
able in the United States also have effects on movement 
and posture and can thus be called neuroleptic. However, 
the more general and hopeful term antipsychotic is com- 
monly used and may be preferable. Introduction of atypi- 
cal drugs such as clozapine that are clearly antipsychotic 
and have little extrapyramidal action has reinforced this 
trend. 

General Psychophysiological and Behavioral Effects. 

In animals and in human beings, the most prominent ob- 
servable effects of typical neuroleptic agents are strikingly 
similar. In low doses, operant behavior is reduced but spinal 
reflexes are unchanged. Exploratory behavior is diminished, 
and responses to a variety of stimuli are fewer, slower, and 
smaller in magnitude, although the ability to discriminate 
stimuli. is retained. Conditioned avoidance behaviors are se- 
lectively inhibited, whereas unconditioned escape or avoid- 
ance responses are not. Highly reinforcing self-stimulation 
of the animal brain (typically studied with electrodes placed 
in the monoamine-rich medial forebrain bundle) is blocked, 
although the capacity to press the stimulation-inducing 
lever is not lost. Behavioral activation, stimulated environ- 
mentally or pharmacologically, is blocked. Feeding is in- 
hibited. Most neuroleptics block the emesis, hyperactivity, 
and aggression induced by apomorphine and other 
dopaminergic agonists. In high doses, most neuroleptic 
agents induce characteristic cataleptic immobility that al- 
lows the animal to be placed in abnormal postures that per- 
sist. Muscle tone is increased, and ptosis is typical. The an- 
imal appears to be indifferent to most stimuli, although it 
continues to withdraw from those that are noxious or 
painful. Many learned tasks still can be performed if suffi- 
cient stimulation and motivation are provided. Even very 
high doses of most neuroleptics do not induce coma, and 
the lethal dose is extraordinarily high. Many of these ef- 
fects have been well summarized by Fielding and Lai 
'(1978). 

Effects on Motor Activity. Nearly all of the neuroleptic 
agents used in psychiatry diminish spontaneous motor ac- 
tivity in animals and in human beings. However, one of 
the more disturbing side effects of these agents in human 
beings is akathisia, which is manifested by an increase in 
restless activity that is not readily mimicked by animal be- 
havior. The cataleptic immobility of animals treated with 
neuroleptics resembles the catatonia seen in some psy- 
chotic patients and in a variety of metabolic and neuro- 
logical disorders affecting the CNS. In human beings, cata- 
tonic signs, along with other features of psychotic illnesses. 
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are somet.mes relieved by antipsychotic agents. However 
ng.dity and bradykinesia, which mimic catatonia, can be 
mduced ,n patients, especially by large doses of the more 
potent neuroleptic agents, and reversed by removal of the 
offending drug or the addition of an antiparkinsonian agent 
(see Fielding and Lai, 1978; Janssen and Van Bever 1978) 
Theones concerning the mechanisms underlying these ex- 
trapyramidal reactions, as well as descriptions of their clin- 
ical presentations and management, are given below. 

Effects on Sleep. Antipsycho.ic drugs have inconsistent effects on 
sleep patterns, but tend to normalize sleep disturbances character 

ot op pid and hypnottc drugs appears to parallel the sedative rauS 
than the neuroleptic potency of a particular agent Thus the more 

eZce ne h Ur0,eP,iC ,hat d ° n °' CaUSe *ows Jss aiso do n 

enhance hypnosis produced by other drugs. 

Effects on Conditioned Responses. Chlorpromazine and other 
euro, eptlcs , mpa , r the abi] . y Qf anima)s J c ™ d ™ 

avoidance response to a learned sensory cue tha, signals the on « of 
punishing shock avoidable by moving t0 a safe p f ace in a ™Z« 
menta chamber. Under the influence of small doses of these dr Ue 
animals ignore the warning signal but still attempt to escap onc the 

c S led ' Ge r al CNS depreSSamS e (th 

conditioned response) and escape (the unconditioned response) to an 
piox, m a.ely the same extent, bu, this is seen only with doses 
roleptics ,ha. produce ataxia or hypnosis. Passive avoidance behav" 
■o,. requiring immobility, also is suppressed bv neuroleptic dr s n 
= tow ha, might be expected ,n the case'of drugs mat 

Since correlations between antipsychotic effectiveness and con 

;r d ,hr'ht ce b e tests m good for ™* **> °" 

dnr : k beC ° me an lm P° rtam b «is for screenine proce- 
d - m pharmaceutical psychopharmacologv laboratories D eSD he 
• he r empirical utility and quantitative characteristics effec s „„ ! 
da-oned avo.dance have no, provided impon n ! Sh JTn to! ' 
mn ot antipsychotic effects in human beino S For examnlVT, Iff . 
ol neuroleptic drugs on conditioned avoi^nce ^Tubtf ot 1° $ 

, " ! he llm,ted abll,, - v of the atypical and oerhans 

«"Ponse» n animal behavioral tests also supports this interpretation 
F,dd,n " and L *l- '978; Janssen and Van Bever. 1978 ) 
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Effects on Specific Areas of the Nervous System T h 

effects of antipsychotic drugs are apparent a. all level ! 
the nervous system. Although the actions underlying 
antipsychotic and many of the neurological effects of™ 
rolepuc drugs remain uncertain, theories based on 
abihty to antagonize the actions of dopamine as a neuro 
ransmitter in the basal ganglia and limbic portions of I 
forebrain have become most prominent and are suppone 
by a large body of data. 

Cerebral Cortex. Since psychosis involves a disorder o> 
higher functions and thought processes, cortical effec.s 0 i 
antipsychotic drugs are of great interest. Much attention 
has been drawn to the effects of neuroleptics on dopamin- 
ergic projections to the prefrontal and deep-temporal (lim- 
bic) regtons of the cerebral cortex and to the relative spa, 
ing of these areas from adaptive changes in dopamine 
metabolism that would suggest tolerance to the actions of 
neuroleptics. However, little informat.on is available abotii 
specific effects on the cortex that sheds liaht on the mech- 
anisms of action of antipsychotic drugs. 

viJ^r Jt eSh0 J d Many neurole P'ic drugs can lower .he 
oc ted" ,h T ' ndUCe diSCharge Pattems in the EEC that are" 
wTth low 7 6P ; P : ,C Sei2Ure diS ° rderS - Ali P halic Phenothiazine, 
do?h ^ I T7 (SUCh 35 chlo ^omazine) seem particularlv able to 
anthe „« , t* T ^ P,pemZme P"»othiazines and thio.v 
likeh ,o hi" t ^ " Uphenazine and th '°'»"«ne) seem much le* 
able art h l978X The bu '>rophenones have van- 

m v hi 7? eC ' S th3t CaUS£ Sei2Ure activi, >' ; mo!indMf 

whh the! aCtlV,t> ' ° f this type - 0verI ^ associated 

seen „ n^TT?" ° f ami P s - vcho,ic dru ?* are more likely to be 
ha, 1*1 ^ ° either 3 hiS * 0r >' of e P»^y or a condition 
S tedri P n °f SeS H 0 Se ' 2UreS H0WeVen Cl0Za P ine has a deariv dose- 
SinSnh ' , oof S v ZUreS in none P ile P'^ Pa<ien,s (Baldessarini 
the.ow"^ 

the lo« -potency phenothiazines and thioxanthenes. should be used 

Pa ient ' -'L" ° 11 Umemed e P i,e P tic P a ^n.s and in 

conol Lrhl g °, ,ng W ^ draWa ' fr ° m Central de P ressa n,s such as al- 
espec ia I m 1 " benzodia2e P ines - ^ antipsychotic drug, 
ate do! « Piperaz : nes ' can be us * d safely in epileptics if moder- 

d ™ Z LT- aUa " led gradUa " y 3nd if ^^o^itant anticonvulsant 
drug therapy is maintained (see Chapter 19). 



of 



Basal Ganglia. Because the extrapyramidal effects 
most clinically used antipsychotic drugs are prominent. - 
great deal of interest has centered on the actions of these 
drugs in the basal ganglia, notably the caudate nucleus, 
putamen. globus pallidus. and allied nuclei, which plav a 
crucial role in the control of posture and the extrapyrami- 
dal aspects of movement. Current understanding of the role 
of a deficiency of dopamine in this resion in^the patho- 
genesis ol Parkinson's disease, the demonstration .hat neu- 
roleptic agents act as antagonists of dopamine receptors, 
and the striking resemblance between the clinical mani- 
festations of Parkinson's disease and the neurological ef- 
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fectsof neuroleptic drugs, all have focused attention on the 
role of a deficiency of dopaminergic activity in some of the 
neuroleptic-induced extrapyramidal effects (BaldessarinL 
1996a). 

The hypothesis that interference with the transmitter function of 
dopamine in the mammalian forebrain might contribute to the neu- 
rological and possibly also the antipsychotic effects of the neurolep- 
tic drugs arose from the observation that neuroleptic drugs consis- 
tently increased the concentrations of the metabolites of dopamine 
but had variable effects on the metabolism of other neurotransmit- 
ters. The importance of dopamine also was supported by histochem- 
ical studies, which indicated a preferential distribution of dopamine- 
comaining fibers between midbrain and the basal ganglia (notably, 
the nigroneostriatal tract), and within the hypothalamus (see Chap- 
ter 12). Other dopamine-containing neurons project from midbrain 
tegmental nuclei to forebrain regions associated with the limbic sys- 
tem, as well as to temporal and prefrontal cerebral cortical areas 
closely related to the limbic system. A somewhat simplistic, but at- 
tractive, concept arose: many extrapyramidal neurological effects of 
the antipsychotic drugs might be mediated by antidopaminergic ef- 
fects in the basal ganglia. Their antipsychotic effects might be me- 
diated by antagonism of dopaminergic neurotransmission in the lim- 
bic, mesocortical. and hypothalamic systems. 

Antagonism of dopamine-mediated synaptic neurotransmission 
i> an important action of neuroleptic drugs (Carlsson. 1990; Seeman. 
'980). Thus, drugs with neuroleptic actions, but not their inactive 
congeners, initially increase the rate of production of dopamine 
metabolites, the rate of conversion of the precursor amino acid tyro- 
sine to dihydroxyphenylalanine (DOPA) and its metabolites, and the 
raie of firing of dopamine-containing cells in the midbrain. These ef- 
fects usually have been interpreted to represent adaptive responses 
°f neuronal systems that tend to reduce the impact of interrupting 
synaptic transmission at dopaminergic terminals in the forebrain. 
Supporting evidence for such an interpretation includes the observa- 

that small doses of neuroleptic drugs block behavioral or neu- 
roendocrine effects of systemically administered or intracerebrally 
|njecied dopaminergic agonists. An example is stereotyped gnawing 
behavior in the rat induced by apomorphine. Many neuroleptic drugs 
' e ^cept the butyrophenones and their congeners and the benzamides) 
d ' So block the effects of agonists on dopamine-sensitive adenylyl cy- 
c ' as ? associated with Dl dopamine receptors in forebrain tissue (Fig- 
ure 18-]). Atypical antipsychotic drugs such as clozapine are char- 
a cterized by their low affinity or weak actions in such tests. Whereas 
e mitiaj effect of neuroleptics is to block D2 receptors and stimu- 
^ e incre ased firing and metabolic activity in dopamine neurons. 

se responses eventually are replaced by diminished activity (*'de- 
P°'arizaiion inactivation"). particularly in the extrapyramidal basal 
-■■ ari glia (Bunney ei al. 1987). The timing of these adaptive changes 
n^ re ' atCS Ue ^ vv ' tn tne £ ra dual evolution of parkinsonian bradyki- 

d overdavs in the clinical application of neuroleptics fTarsv and 
Ba!d ^arini. 1986). 

L ^ at] ioligand-binding assays for dopamine receptor subtypes 
"^been used to define more preciselv the mechanism of action of 



ie Plic agents (.v<vCivelli et al. 1993: Seeman. 1980). Estimates 



"euro!, 

^el]^ C '' n ' Ca ' P°tency of most types of antipsychotic drugs correlate 
I ^nh their relative potency in vitro to inhibit binding of these 
i^oh^ 10 dopamine receptors isee Chapter 12). This correlation 
ffiul- Ulr ^ U " some extent by the tendency of neuroleptics to accu- 
\ ev Ule 111 k fa ' n ti^t-ie to different degrees (Tsuneizumi et al. 1992). 
^thelev.v almoM all clinically effective antipsychotic agents (with 



the notable exception of clozapine) have characteristically high affin- 
ity for D2 receptors. Although some neuroleptics (especially thiox- 
anthenes and phenothiazines) bind with high affinity to Dl receptors, 
they block D2 receptors and other D2-like receptors including the 
D3 and D4 receptor subtypes (Sokoloff et al, 1990; Van Tot et al, 
1991). Butyrophenones and congeners (e.g., haloperidol. pimozide. 
N-methylspiperone) as well as experimental benzamide neuroleptics 
(e.g., raclopride. remoxipride) have relatively high selectivity as an- 
tagonists at D2 and D3 dopamine receptors, with variable D4 affin- 
ity. The physiological and clinical consequences of blocking Dl or 
D5 receptors selectively remain obscure, although, experimental ben- 
zazepines with such properties, but apparently weak antipsychotic ef- 
fects, are known (Daly and Waddington. 1992). 

So-called atypical antipsychotic agents (with a low risk of ex- 
trapyramidal side effects), such as clozapine and other diben- 
zazepines. have low affinity for D2 receptors and little propensity to 
produce extrapyramidal side effects. They are. however, active a r 
adrenergic antagonists, as are many other antipsychotic agents (Co- 
hen and Lipinski. 1986). This action may contribute to sedative and 
hypotensive side effects, or might underlie useful psychotropic ef- 
fects, although systematic assessment of the psychotropic potential 
of centrally active anti-a-adrenergic agents is lacking. Many an- 
tipsychotic agents also have some affinity for 5-HT 2 serotonin re- 
ceptors, and this is particularly prominent in the case of clozapine, 
risperidone, and other investigational D2/5-HTt antagonists 
(Chouinard et al, 1993; Gerlach. 1991 ; Leysen et al, 1994; Meltzer. 
1992; see also Chapter 1 1). This admixture of moderate affinities to 
several CNS receptor types (including also muscarinic acetylcholine 
and Hj histamine receptors) may contribute to the virtually unique 
pharmacological profile of the atypical antipsychotic agent clozap- 
ine (Baldessarini and Frankenburg. 1991). Clozapine also has some 
selectivity for D4 dopamine receptors; although rare in the basal gan- 
glia, the anatomical and physiological status of D3 and D4 receptors 
in human brain remains incompletely defined, and their potential as 
targets for novel antipsychotic agents remains to be demonstrated 
(Cfvelli etal, 1993; Gingrich and Carom 1993; Sokoloff et al, 1990; 
VanTol etal, 1991). 

Most antipsychotic drugs interfere with the actions of dopamine 
as a neurotransmitter, particularly at D2 and D2-like receptors. These 
effects may well account for the diverse extrapyramidal effects .of the 
neuroleptic drugs. 

Limbic System. Dopaminergic projections from the mid- 
brain terminate on septal nuclei, the olfactory tubercle, the 
amygdala, and other structures- within the temporal and 
prefrontal lobes of the cerebrum. Because of the dopamine 
hypothesis just reviewed, much attention also has been 
given to the mesolimbic and mesocortical systems as pos- 
sible sites of mediation of some of the antipsychotic ef- 
fects of these agents. Speculations about the pathophysi- 
ology of the idiopathic psychoses such as schizophrenia 
have for many years centered around the limbic area. Such 
speculation has been given indirect encouragement by re- 
peated "natural experiments" that have associated psy- 
chotic mental phenomena with lesions of the temporal lobe 
and other portions of the limbic system (see Shapiro, 
1993). The finding that D3 receptors are preferentially ex- 
pressed in limbic areas of the CNS has led to increased ef- 
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Figure 18-1. Sites of action of neuroleptics and lithium. 

In varicosities ("terminals") along terminal arborizations of dopamine (DA) neurons projecting from 
midbrain to forebrain, tyrosine is oxidized to dihydroxyphenylalanine (DOPA) by tyrosine hydrox- 
ylase (TH), the rate-limiting step in catecholamine biosynthesis, then decarboxylated to DA by aro- 
matic L-amino acid decarboxylase (AAD) and stored in vesicles. Following exocytotic release (in- 
hibited by lithium) by depolarization in the presence of Ca 2+ , DA interacts with postsynaptic 
receptors (R) of Dl and D2 types (and structurally similar but less prevalent Dl-like and D2-like 
receptors), as well as with presynaptic D2 autoreceptors. Inactivation of trans-synaptic communi- 
cation occurs primarily by active transport ("reuptake") of DA into presynaptic terminals (inhibited 
by many stimulants), with secondary deamination by mitochondrial monoamine oxidase (MAO). 
Postsynaptic Dl receptors, through G s type G proteins, activate adenylyl cyclase (AC) and the con- 
version of ATP to cyclic AMP (cAMP), while D2 receptors inhibit AC through Q proteins. D2 re- 
ceptors also activate receptor-operated K + channels and stimulate phospholipase-C (PLC), perhaps 
via the /By subunits liberated from activated G s (see Chapter 2), to convert phosphatidylinositol bis- 
phosphate (PIP 2 ) to inositol trisphosphate (IP 3 ) and diacylglycerol (DAG), with secondary modula- 
tion of Ca 2+ and protein kinases. Lithium inhibits the phosphatase that liberates inositol (I) from 
inositol phosphate (IP) and may have other actions. D2 autoreceptors suppress synthesis of DA by 
diminishing phosphorylation of rate-limiting TH, as well as limiting DA release (possibly through 
modulation of Ca 2+ or K + currents). In contrast, presynaptic A2 adenosine receptors (A2R) acti- 
vate AC and. via cyclic AMP production, TH activity. Nearly all neuroleptic agents block D2 re- 
ceptors and autoreceptors; some (particularly thioxanthenes, phenothiazines. and clozapine) also 
block Dl receptors. Initially in neuroleptic treatment. DA neurons activate and release more DA 
but. following repeated treatment, they enter a state of physiological depolarization inactivation, 
with diminished production and release of DA. in addition to continued receptor blockade. 
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forts to identify D3-selective antagonists that might have 
a reduced tendency to cause extrapyramidal side effects. 

Many of the behavioral, neurophysiological, biochemical, and 
pharmacological findings with regard to the properties of the 
dopaminergic system of the basal ganglia have been extended to 
mesolimbic and mesocortical tissue. Certain important effects of an- 
tipsychotic drugs are similar in extrapyramidal and limbic regions, 
including those on ligand-binding assays for dopaminergic receptors 
(Creese et ai, 1978). However, the extrapyramidal and antipsychotic 
actions of the neuroleptic drugs differ in a number of ways. For ex- 
ample, while several of the acute extrapyramidal effects of neu- 
roleptic drugs tend to diminish or to disappear with time or when an- 
ticholinergic drugs are administered concurrently, this is not 
I characteristic of the antipsychotic effects. However, it must be re- 
i called that different dopaminergic systems are not identical, either 
functionally or in the physiological regulation of their responses to 
drugs (see Bunney et ai, 1987; Moore, 1987; Sulser and Robinson, 
1978: Wolf and Roth. 1987). For example, whereas anticholiner- 
gic agents block the increase in turnover of dopamine in the basal 
ganglia induced by neuroleptic agents, they seem not to do so in 
limbic areas containing dopaminergic terminals. Further, the devel- 
opment of tolerance to the effect of antipsychotic drugs to en- 
hance the turnover of dopamine is not as prominent in limbic as in 
extrapyramidal areas. For further discussions of this topic, see 
Carlsson (1990). 



Hypothalamus and Endocrine Systems. In addition to 
neurological and antipsychotic effects that appear to be me- 
diated in part by antidopaminergic actions of neuroleptic 
dr ugs, endocrine changes occur as a result of effects of 
these agents on the hypothalamus or pituitary that may also 
,nv olve dopamine. Prominent among these is the ability of 
m °st neuroleptic drugs to increase the secretion of pro- 
lac tin in human beings. 

The effect of neuroleptic agents on prolactin secretion is prob- 
A 'V due to a blockade of the pituitary actions of the tuberoin- 
"naibular dopaminergic system that projects from the arcuate nu- 
^ Us 0I " the hypothalamus to the median eminence. The existence of 
^'dopaminergic receptors in the anterior pituitary itself, as well as 
^ Or phological evidence of an intimate relationship between 
Pamine-containing neurosecretory terminals in the median emi- 
nce and the small blood vessels of the hypophyseal portal system. 
ftibit° nS ^ e hypolhesis tnat dopamine is the prolactin release-in- 
j ln § hormone known to exist in the hypothalamus (see Ben- 

na than. 1985: see also Chapter 55). 
,J late 0lTe ^ ons between the potencies of neuroleptic drugs to stim- 
prolactin secretion and to cause behavioral effects are excellent 



maM^' l ' ^ es °f neuroleptics; clozapine is an exception, with min- 
, CtS on P^lactin (Rubin. 1987: Sachar. 1978). The effects of 



tor 

l y 

'°*er ri^ l ' C ^ ru ^ s on P r °l ac tiri secretion tend to occur, however, at 
ccij 0 ° SeS l ^ an ^° tne ' r antipsychotic effects: this may reflect their 
I],. ( . 0utS| de the blood-brain barrier in the adenohypophysis. Lit- 
!a Cl j n rance develops to the effect of antipsychotic drugs on pro- 

r * v ersir^ en ' VCarS °* lreatrnem - However, the effect is rapidly 
e xv hen the druizs are discontinued (Bitton and Schnieder. 



1992). This effect of antipsychotic agents is presumed to be respon- 
sible for the breast engorgement and galactorrhea that occasionally 
is associated with their use, sometimes even in male patients given 
high doses of neuroleptic agents. Because antipsychotic drugs are 
used chronically and thus cause prolonged hyperprolactinemia, con- 
cern arose over their possible contribution to risk of carcinoma of the 
breast. There is no convincing evidence of such an association (Over- 
all, 1978). Nevertheless, neuroleptic and other agents that stimulate 
secretion of prolactin should be avoided in patients with established 
carcinoma of the breast, particularly with metastases. Some neu- 
roleptics reduce secretion of gonadotropins, estrogens, and prog- 
estins, possibly contributing to amenorrhea. 

The effects of neuroleptics on other hypothalamic neuroen- 
docrine functions are much less well characterized, although it is 
known that neuroleptics inhibit the release of growth hormone, and 
chlorpromazine may reduce the secretion of corticotropin-releasing 
hormone (CRH) that occurs in response to stress. Neuroleptics also 
interfere with the secretion of pituitary growth hormone. Neverthe- 
less, neuroleptics are poor therapy for acromegaly, and there is no 
evidence that they retard growth or development of children. In ad- 
dition, chlorpromazine can decrease secretion of neurohypophyseal 
hormones. Weight-gain and increased appetite occur with most neu- 
roleptics, particularly those of low potency. Chlorpromazine also may 
impair glucose tolerance and insulin release to a clinically apprecia- 
ble degree in some "pre-diabetic" patients (Erie et al'., 1977). This 
effect is not known to occur with other neuroleptics. 

In addition to neuroendocrine effects, it is likely that other au- 
tonomic effects of antipsychotic drugs may be mediated by the hy- 
pothalamus. An important example is the poikilothermic effect of 
chlorpromazine and other neuroleptic agents, which impairs the 
body's ability to regulate temperature such that hypo- or hyperther- 
mia may result, depending on the ambient temperature. 
Brainstem. Clinical doses of the neuroleptics usually have little ef- 
fect on respiration. However, vasomotor reflexes mediated by either 
the hypothalamus or the brainstem are depressed by relatively low 
doses of chlorpromazine. This effect might occur at many points in 
the reflex pathway, and the net result is a centrally mediated fall in 
blood pressure. Even in cases of acute overdosage with suicidal in- 
tent, the phenothiazines usually do not cause life-threatening coma 
or suppression of vital functions; this contributes importantly to 
their safety. 

Chemoreceptor Trigger Zone (CTZ). Most neuroleptics protect 
against the nausea- and emesis-inducing effects of apomorphine and 
certain ergot alkaloids, all of which can interact with central dopamin- 
ergic receptors in the CTZ of the medulla. The antiemetic effect of 
most neuroleptics occurs with low doses. Drugs or other stimuli that 
cause emesis by an action on the nodose ganglion or locally on the 
gastrointestinal tract are not antagonized by antipsychotic drugs, but 
potent piperazines and butyrophenones are sometimes effective 
against nausea caused by vestibular stimulation. 
Autonomic Nervous System. Since various antipsychotic agents 
have antagonistic interactions at peripheral, a-adrenergic. serotonin 
(5-HT 2 ). and histamine (Hi) receptors, their effects on the autonomic 
nervous system are complex and unpredictable. Antihistaminic and 
antitryptaminergic effects of these agents further complicate the pic- 
ture. Chlorpromazine has significant a-adrenergic antagonistic ac- 
tivity and can block the pressor effects of norepinephrine. The po- 
tent piperazine tricyclic neuroleptics, as well as haloperidol and 
risperidone, have antipsychotic effects even when used in low doses 
and show little antiadrenergic activity in patients. 
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The muscarinic cholinergic blocking effects of antipsychotic 
drugs are relatively weak, but the blurring of vision commonly ex- 
perienced with chlorpromazine may be due to an anticholinergic ac- 
tion on the ciliary muscle. Chlorpromazine regularly produces mio- 
sis in human beings, which can be due to a-adrenergic blockade. 
Other phenothiazines can cause mydriasis; this is especially likely to 
occur with thioridazine, which is the most potent muscarinic antag- 
onist of the group. Chlorpromazine has intermediate antimuscarinic 
potency but also can cause constipation and decreased gastric secre- 
tion and motility. Decreased sweating and salivation are additional 
manifestations of the anticholinergic effects of the phenothiazines. 
Acute urinary retention is uncommon, but can occur in males with 
prostatism. Anticholinergic effects are least frequently caused by the 
potent neuroleptics, including haloperidol and risperidone. The phe- 
nothiazines inhibit ejaculation without interfering with erection. 
Thioridazine produces this effect with some regularity, sometimes 
limiting its acceptance by male patients. Attribution of this effect to 
adrenergic blockade is logical but unsubstantiated; inasmuch as thior- 
idazine is less potent than chlorpromazine in its antiadrenergic ef- 
fects. 

Kidney. Chlorpromazine may have weak diuretic effects in animals 
and human beings because of a depressant action on the secretion of 
antidiuretic hormone (ADH), or inhibition of reabsorption of water 
and electrolytes by a direct action on the renal tubule, or both. The 
slight fall in blood pressure that occurs with chlorpromazine is not 
associated with a significant change in glomerular filtration rate; in- 
deed, renal blood flow tends to increase. 

Cardiovascular System. The actions of chlorpromazine on the car- 
diovascular system are complex because the drug produces direct ef- 
fects on the heart and blood vessels, and also indirect actions through 
CNS and autonomic reflexes. Chlorpromazine causes mild orthosta- 
tic hypotension, systolic blood pressure being affected more than di- 
astolic. Tolerance develops to the hypotensive effect, so that after 
several weeks of administration pressures return toward normal. 
However, some degree of orthostatic hypotension may persist indef- 
initely, especially in elderly patients (see Ray et al, 1987). Ortho- 
static hypotension occurs more frequently with chlorpromazine and 
thioridazine, and less so with piperazine derivatives, haloperidol, 
loxapine. molindone, or risperidone. 

Chlorpromazine and other phenothiazines with low potency can 
have a direct negative inotropic action and a quinidine-like antiar- 
rhythmic effect on the heart. ECG changes include prolongation of 
the 0-T and P-R intervals, blunting of T waves, and depression of 
the S-T segment. Thioridazine, in particular, causes a high incidence 
ol Q-T and T wave changes and may very rarely produce ventricu- 
lar arrhythmias and sudden death. These effects are uncommon when 
potent antipsychotic agents are administered. 

Liver. Aside from the hypersensitivity reactions occasionally seen 
alter administration of the antipsychotic drugs, such as an obstruc- 
tive form of jaundice {see below), these agents have no character- 
istic hepatic effects. The drugs may be used in patients with he- 
patic disease, but caution is advisable. Since their metabolism may 
he delayed or modified, they may compromise an already diseased 
liver. 

Miscellaneous Pharmacological Effects. Interactions of antipsy- 
chotic drills with centra] neurohumors other than dopamine may con- 
tribute to their antipsychotic effects or other actions [see Baldessarini. 



1996b). For example, many neuroleptics enhance the turnover ot 
acetylcholine, especially in the basal ganglia, perhaps secondary to 
the blockade of dopamine receptors on cholinergic neurons. In ad- 
dition, as discussed above, there is an inverse relationship between 
antimuscarinic potency of antipsychotic drugs in the brain and the 
likelihood of extrapyramidal effects (Snyder and Yamamura, 1977,, 
Although chlorpromazine and a few other low-potency phenoth- 
iazines have mild antagonistic actions at receptors for histamine, thh 
effect is not shared by all antipsychotic drugs. Antagonistic interac- 
tions also are known to occur at receptors for 5-HT. including those 
designated as 5-HT 2 in the forebrain. The significance of this effect 
is not certain, but several antipsychotic agents have been developed 
with relatively potent and selective antagonistic activity at serotonin 
5-HT 2 and D2 dopamine receptors {e.g., amperozide. clozapine, 
risperidone). 



Absorption, Distribution, Fate, and Excretion. Some 
antipsychotic drugs tend to have erratic and unpredictable 
patterns of absorption, particularly after oral administra- 
tion and even when liquid preparations are used. Parenteral 
(intramuscular) administration increases the bioavailabil- 
ity of active drug by four to ten times. The drugs are highly 
lipophilic,- highly membrane- or protein-bound, and accu- 
mulate in the brain, lung, and other tissues with a high 
blood supply; they also enter the fetal circulation and breast 
milk. It is virtually impossible (and usually not necessary* 
to remove these agents by dialysis. 

The pharmacokinetics of antipsychotic drugs follow* 
a multiphasic pattern. The usually stated elimination hall- 
lives with respect to total concentrations in plasma are typ- 
ically 20 to 40 hours, but complex patterns of elimination 
may occur with some agents, particularly the butyrophe- 
nones and their congeners (Cohen et al., 1992). The bio- 
logical effects of single doses of most neuroleptics usualb 
persist for at least 24 hours; this encourages the common 
practice of giving the entire daily dose at one time, once 
the patient has accommodated to the initial side effects ol 
the drug. Elimination from the plasma may be more rapid- 
than from sites of high lipid content and binding, notabb 
in the CNS, but direct pharmacokinetic studies on this i>* 
sue are few and inconclusive (Sedvall, 1992). Metabolite 
of some agents have been detected in the urine for as lo^' 
as several months after administration of the drug has bef 1 
discontinued. Slow removal of drug may contribute to * ne 
typically slow rate of exacerbation of psychosis after stop' 
ping drug treatment. Repository ("depot") preparation* °* 
esters of neuroleptic drugs are absorbed and eliminate 
much more slowly than are oral preparations. For ex^ 111 ' 
pie. whereas half of an oral dose of fluphenazine 
drochloride is eliminated in about 20 hours, the elimi n:1 ' 
tion of the enanthate or decanoate ester, following a dep°[ 
intramuscular injection, has a nominal half-life of 2 to ; 
or 7 to 10 days, respectively, although the overall cte aI * 
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ance of fluphenazine decanoate and normalization of hy- 
perprolactinemia following repeated dosing can require 6 
to 8 months (Sampath et al, 1992). 

The main routes of metabolism of the antipsychotic 
drugs are oxidative processes mediated largely by geneti- 
cally controlled hepatic microsomal oxidases and conju- 
gation processes. Hydrophilic metabolites of these drugs 
are excreted in the urine and, to some extent, in the bile. 
Most oxidized metabolites of antipsychotic drugs are bio- 
logically inactive, but a few are not (notably, 7-hydroxy- 
;hlorpromazine, mesoridazine. and several N-demethy- 
iated metabolites of phenothiazines and clozapine) and 
may contribute to the biological activity of the parent sub- 
stance, as well as complicate the problem of correlating 
j>says of drug in blood with clinical effects. The less po- 
tent antipsychotic drugs may weakly induce their own he- 
patic metabolism, since concentrations of chlorpromazine 
-nd other phenothiazines in blood are lower after several 
fceeks of treatment with the same dosage; it also is possi- 
^ that alterations of gastrointestinal motility are partially 
■sponsible. The fetus, the infant, and the elderly have di- 
minished capacity to metabolize and eliminate antipsy- 
-hoiic agents; children tend to metabolize these drugs more 
rapidly than do adults (Popper, 1987). 

The absorption of tablets of chlorpromazine is erratic, although 
• - bioavailability seems to be increased somewhat by the use of liq- 
concentrates, as is true for many of the antipsychotic agents. Peak 
"-^titrations in plasma are attained within 2 to 4 hours. Intramus- 
^ministration of the drug avoids much of the first-pass me- 
-^lism in the liver (and possibly also the gut) and provides 
curable concentrations in plasma within 15 to 30 minutes; 

■ '^liability may be increased up to tenfold with injections, but the 
; -^a! dose usually is decreased by three- to fourfold. The gas- 

'Htestinal absorption of chlorpromazine is modified unpredictably 

■ '°od and is probably decreased by antacids. There is controversy 
fl whether the concurrent administration of anticholinergic an- 

■^"msonian agents diminishes the intestinal absorption of some 
C agentS (Sim P son eI al - 1980 >- Chlorpromazine and other 
^k'^ 01 * 0 a £ ems bind significantly to membranes and to plasma 
. ons - Typically, over 85% of the drug in plasma is bound to al- 
- a ^ n ' Concentrations of some neuroleptics (e.g., haloperidol) in 
l^ n ^ e more than ten times those in the blood (Tsuneizumi et 
„ ^ -■■ ancl their apparent volume of distribution may be as high 
r;^^ 1 ers P er kilogram. Disappearance of chlorpromazine from 
ln cludes a rapid distribution phase (t] /2 about 2 hours) and a 
-uriatj] 681 "'-' e l' r nination phase (t ]/2 about 30 hours), but markedly 
J!r 'itnh^ UeS ^ aVe ^ een re P orlec * : tne half-life of elimination from 
■■-tinni nt rain ' S n0t ^ nown ^ ut ma y ^ e determined using modern brain- 
: ,! !rof ^ lec hnologies (Sedvall. 1 992). The elimination of haloperi- 
vnt hitifi^ Uman P lasma ls not a log-linear function, and the appar- 
■• , N lle increases with time: very slow terminal-elimination rates 



Att e WeeliJ may ullimmel >' be attained (Cohen et aL 1992). 

m Pts to correlate plasma concentrations of chlorpromazin*. 
i , ab °lites with clinical responses have not been very suc- 
/ aL 1988: Cooper et aL 1976). Studies 
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have revealed wide variations (at least tenfold) in plasma concentra- 
tions among individuals. Although it appears that plasma concentra- 
tions of chlorpromazine below 30 ng/ml are not likely to produce an 
adequate antipsychotic response and that levels above 750 ng/ml are 
likely to be associated with unacceptable toxicity (see Rivera-Cal- 
imlim and Hershey, 1984). it is not yet possible to state with confi- 
dence the concentrations in plasma that are likely to be associated 
with optimal clinical responses. 

At least 10 or 12 metabolites of chlorpromazine occur in hu- 
man beings in appreciable quantities (Morselli. 1 977). Quantitatively, 
the most important of these are nor>-chlorpromazine (doubly 
demethylated). chlorophenothiazine (removal of the entire side 
chain), methoxy and hydroxy products, and glucuronide conjugates 
of the hydroxylated compounds. In the urine. 7-hydroxyiated and 
dealkylated (nor 2 ) metabolites and their conjugates predominate. 

The pharmacokinetics and metabolism of thioridazine and 
fluphenazine are similar to those of chlorpromazine. but the strong 
anticholinergic action of thioridazine on the gut may modify its own 
absorption. Major metabolites of thioridazine and fluphenazine in- 
clude N-demethylated, ring-hydroxylated, and S-oxidized products 
(Neumeyer and Booth. 1995). Concentrations of thioridazine in 
plasma are relatively high (hundreds of nanograms per milliliter), 
possibly because of its relative hydrophilicity. and it is suspected that 
mesoridazine is an important contributor to the neuroleptic activity 
of thioridazine. 

The biotransformation of the thioxanthenes is similar to that of 
the phenothiazines. except that metabolism to sulfoxides is common 
and ring-hydroxylated products are uncommon. Piperazine deriva- 
tives of the phenothiazines and thioxanthenes also are handled much 
like chlorpromazine, although metabolism of the piperidine ring it- 
self occurs. Haloperidol and other butyrophenones are metabolized 
primarily by an N-dealkylation reaction: the resultant fragments can 
be conjugated with glucuronic acid. It is believed that all of the 
metabolites of haloperidol are inactive (Forsman and Ohman. 1974). 
with the possible exception of a hydroxylated product formed by re- 
duction of the keto moiety that may be reoxidized to haloperidol 
(Korpi et al.. 1 983). Typical plasma concentrations of haloperidol en- 
countered clinically are about 5 to 20 ng/ml. and these correspond to 
80% to 90% occupancy of D2 dopamine receptors in human basal 
ganglia, as demonstrated by positron-emission tomographic (PET) 
brain scanning (Baldessarini et al., 1988: Wolkin et al. 1989). 

Tolerance and Physical Dependence. The antipsychotic drugs are 
not addicting, as the term is defined in Chapter 24. However, some 
degree of physical dependence may occur, with malaise and diffi- 
culty in sleeping developing several days after abrupt discontinua- 
tion. 

Tolerance usually develops to the sedative effects of neurolep- 
tics over a period of days or weeks. Tolerance to antipsychotic drugs 
and cross-tolerance among the agents also are demonstrable in be- 
havioral and biochemical experiments in animals, particularly those 
directed toward evaluation of the blockade of dopaminergic recep- 
tors in the basal ganglia (see Baldessarini and Tarsy. 1 979 ). This form 
of tolerance may be less prominent in limbic and cortical areas of 
the forebrain. One correlate of tolerance in forebrain dopaminergic 
systems is the development of disuse supersensitivity of those sys- 
tems, probably mediated by changes in the receptors for the neuro- 
transmitter. This mechanism may underlie the clinical phenomenon 
of withdrawal-emergent dyskinesias (choreoathetosis on abrupt dis- 
continuation of antipsychotic agents, especially following prolonged 
use of high doses of potent agents) (Baldessarini et al.. 198()>. Al- 
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though cross-tolerance for some effects may occur among neurolep- 
tic drugs, clinical problems occur in making rapid changes from high 
doses of one type of agent to another; sedation, hypotension, and 
other autonomic effects or acute extrapyramidal reactions can result. 

Preparations and Dosage. Because the number of agents with 
known neuroleptic or antipsychotic effects is large, Table 18-1 sum- 
marizes only those that are currently marketed in the United States. 
Excluded are a few available agents, such as promazine hydrochlo- 
ride (sparine) and reserpine and other rauwolfia alkaloids, that have 
inferior antipsychotic effects or that are no longer commonly used 
for psychiatric patients. Prochlorperazine (compazine) has question- 
able utility as an antipsychotic agent and frequently produces acute 
extrapyramidal reactions; it is thus not commonly employed in psy- 
chiatry, although it is used as an antiemetic. Thiethylperazine (tore- 
can), which is currently marketed only as an antiemetic, is a potent 
dopaminergic antagonist with many neuroleptic-like properties; at 
high doses it may be an efficacious antipsychotic agent (Rotrosen et 
al. 1978). The United States has been slow to accept many psy- 
chotropic agents that are in common use in other countries; many 
more thioxanthenes, butyrophenones, diphenylbutylpiperidines, ben- 
zamides, and long-acting repository preparations of neuroleptic 
agents are available in other countries. 

Toxic Reactions and Side Effects. The antipsychotic 
drugs have a high therapeutic index and are remarkably safe 
agents. Furthermore, most phenothiazines have a relatively 
flat dose-response curve and can be used over a wide range 
of dosages. Although occasional deaths from overdosage 
have been reported, this is rare if the patient is given med- 
ical care and if an overdosage is not complicated by the 
concurrent ingestion of alcohol or other drugs. Based on 
animal data, the therapeutic index is lowest for thioridazine 
and chlorpromazine and is high for the more potent agents 
(Janssen and Van Bever, 1978). Adult patients have sur- 
vived doses of chlorpromazine up to 10 g, and deaths from 
an overdose of haloperidol alone appear to be unknown. 

Side effects are often extensions of the many phar- 
macological actions of these drugs. The most important are 
those on the CNS, cardiovascular system, autonomic ner- 
vous system, and endocrine functions. The extrapyramidal 
effects, which are of great importance, are discussed in de- 
tail below. Other dangerous effects are seizures, agranulo- 
cytosis, and pigmentary degeneration of the retina, all of 
which are rare {see below). 

Therapeutic doses of phenothiazines may cause faint- 
ness. palpitation, and anticholinergic effects including 
nasal stuffiness, dry mouth, blurred vision, constipation, 
and. in males with prostatism, urinary retention. The most 
troublesome cardiovascular side effect is orthostatic hy- 
potension, which may result in syncope. A fall in blood 
pressure is most likely to occur from administration of the 
phenothiazines with aliphatic side chains. Congeners of the 
piperazine type, as well as other potent neuroleptic agents, 
produce less hypotension. 



Neurological Side Effects. A variety of neurologic- 
syndromes, involving particularly the extrapyramidal 
tor system, occur following the use of almost all antips\. 
chotic drugs. These reactions are particularly prominer 
during treatment with the high-potency agents (tricyc!;: 
piperazines and butyrophenones). There is less likelihoo; 
of acute extrapyramidal side effects with clozapine, tfe 
idazine, or low doses of risperidone. The neurological e: 
fects associated with antipsychotic drugs have been re 
viewed in detail (Baldessarini et al, 1980; Baldessarini 
1984; Kane et al, 1992; Tarsy and Baldessarini, 1986 
Six varieties of neurological syndromes are charac- 
teristic of antipsychotic drugs. Four of these (acute dysto- 
nia, akathisia, parkinsonism, and the rare neuroleptic ma- 
lignant syndrome) usually appear soon after administrate: 
of the drug, and two (rare perioral tremor and tardive dysk- 
inesias or dystonias) are late-appearing syndromes that oc- 
cur following prolonged treatment. The clinical features o: 
these syndromes and guidelines for their management are 
summarized in Table 18-2. 

Acute dystonic reactions are not uncommonly seen with the ini- 
tiation of antipsychotic drug therapy, particularly with agents of hir- 
potency, and may present as facial grimacing, torticollis, or ocu- 
logyric crisis. These syndromes may be mistaken for hysterics- 
reactions or seizures, but they respond dramatically to parenteri 
administration of anticholinergic antiparkinsonian drugs. 0^ 
administration of anticholinergic agents also can prevent dystonia 
particularly in young male patients who have been given a hi?'-" 
potency neuroleptic drug (Arana et al, 1988). Although treated read- 
ily, acute dystonic reactions are terrifying to patients; sudden dea 1 -" 
has occurred in rare instances, perhaps due to the impaired respira- 
tion caused by dystonia of pharyngeal, laryngeal, and other muscle 

Akathisia refers to strong subjective feelings of distress or di>- 
comfort, often referred to the legs, as well as to a compelling ^ 
to be in constant movement rather than to follow any specific rno* f ' 
ment pattern. Patients feel that they must get up and walk or coni^ 
uously move about and may be unable to keep this tendency un#- 
control. Akathisia often is mistaken for agitation in psychotic p*_ 
tients; the distinction is critical, since agitation might be treated* 11 " 
an increase in dosage. Because the response of akathisia to ^ 
parkinsonian drugs is frequently unsatisfactory, treatment typi* 
requires reduction of antipsychotic drug dosage. Antianxiety a£ en ; s 
or moderate doses of propranolol may be beneficial (Lipinski et 1 , 
1984). This common syndrome is frequently not diagnosed and 0 
ten interferes with the acceptance of neuroleptic treatment. 

A parkinsonian syndrome that may be indistinguishable ^ r °', 
idiopathic parkinsonism commonly develops gradually during ^ 
ministration of antipsychotic drugs. Its incidence varies with 
ent agents (see Table 18-2). Clinically, there is a generalized 
ing of volitional movement (akinesia) with mask facies a nd " 
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reduction in arm movements. The syndrome characterise 
evolves gradually over days to weeks. The most noticeable sign- 
rigidity and tremor at rest, especially involving the upper e* 11 ^ 
ties. "Pill-rolling" movements may be seen, although they are n^ 
prominent in neuroleptic-induced as in idiopathic parkinsom*^ 
Parkinsonian side effects may be mistaken for depression. v ncC 
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Neurological Side Effects of Neuroleptic Drugs 



REACTION 



Acute dystonia 



Akathisia 



Parkinsonism 



Neuroleptic 
malignant syn- 
drome 



Pe noral tremor 
("rabbit" 
s > ! ndrome) 

^dive dyskinesia 



FEATURES 

Spasm of muscles of 
tongue, face, neck, 
back; may mimic 
seizures; not 
hysteria 

Motor restlessness; 
not anxiety or 
"agitation" 



Bradykinesia, rigid- 
ity, variable tre- 
mor, mask facies, 
shuffling gait 

Catatonia, stupor, 
fever, unstable 
blood pressure, 
myoglobinemia; 
can be fatal 



Perioral tremor (may 
be a late variant of 
parkinsonism) 

Oral-facial dyskinesia: 
widespread choreo- 
athetosis or 
dystonia 



TIME OF 
MAXIMAL RISK 

1 to 5 days 



5 to 30 days 



Weeks; can 
persist for 
days after 
stopping 
neuroleptic 

After months 
or years of 
treatment 

After months 
or years of 
treatment 
(worse on 
withdrawal) 



PROPOSED 
MECHANISM 

Unknown 



TREATMENT 



5 to 60 days Unknown 



Antagonism of 
dopamine 



Antagonism of 
dopamine 
may con- 
tribute 



Unknown 



Excess func- 
tion of do- 
pamine hy- 
pothesized 



Antiparkinsonian agents 
are diagnostic and 
curative* 



Reduce dose or change 
drug: antiparkinsonian 
agents. t benzodiaze- 
pines or propranolol $ 
may help 

Antiparkinsonian agents 
helpful t 



Stop neuroleptic immedi- 
ately: dantrolene or 
bromocriptine § may 
help: antiparkin- 
sonian agents not 
effective 

Antiparkinsonian agents 
often help t 

Prevention crucial; treat- 
ment unsatisfactory 
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- dru gs have been claimed to be helpful for acute dystonia. Among the most commonly employed treatments are diphenhydramine hydrochlo- 
^ ° r 50 mg intramuscularl >'- or benztropine mesylate, 1 or 2 mg intramuscularly or slowly intravenously, followed by oral medication with 
* Kir Same agem ^ 0r a P eriod °f da >' s 10 pe rna P s several weeks thereafter. 
:f>f opra 3 re ^ arc ^ n £ tne use °f ora ' antiparkinsonian agents, see the text and Chapter 22. 
- ranoio ' °^ len is effective in relatively low doses (20-80 mg per day). Selective jSj -adrenergic receptor antagonists are less effective. 

response to dantrolene, there is no evidence of an abnormality of Ca 2 " transport in skeletal muscle: with lingering neuroleptic effects. 



s Pite the 



r °mocri pi i ne may be tolerated in large doses (10-40 mg per day), 



r Pressjo n eXpreSS ' 0n 3nC * retarclec * movements may resemble signs of 
'"Vinson"' reaclion usually is managed by use of either anti- 
Chantp" ^ ents w ^ anticholinergic properties or amantadine 
the use of levodopa or bromocriptine incurs the 
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.\ rare agitalion and wor sening the psychotic illness. 

border, neuroleptic malignant syndrome, resembles a 
nsonism with catatonia, fluctuations in the 



intensity of coarse tremor, signs of autonomic instability (labile pulse 
and blood pressure, hyperthermia), stupor, elevation of creatine ki- 
nase in plasma, and sometimes myoglobinemia. In its most severe 
form, this syndrome may persist for more than a week after stopping 
the offending agent. Because mortality is high (over 107r). immedi- 
ate medical attention is required. This reaction has been associated 
with various types of neuroleptics, but its prevalence may be greater 



when relatively high doses of the more potent agents are used, es- 
pecially when they are administered parenterally. Aside from imme- 
diate cessation of neuroleptic treatment and provision of supportive 
care, specific treatment is unsatisfactory; administration of dantro- 
lene or the dopaminergic agonist bromocriptine may be helpful (Ad- 
donizio et al, 1987; Pearlman, 1986). Although dantrolene also is 
used to manage the syndrome of malignant hyperthermia induced by 
general anesthetics, the neuroleptic-induced form of catatonia and 
hyperthermia is probably not associated with a defect in Ca 2+ me- 
tabolism in skeletal muscle {see Chapter 14). 

A rare movement disorder that can appear late in the treatment 
of chronically ill patients with antipsychotic agents is perioral 
tremor, often referred to as the "rabbit syndrome" (Jus et al, 1974) 
because of the peculiar movements that characterize this condition. 
While sometimes categorized with other tardive (late or slowly evolv- 
ing) dyskinesias, this term is usually reserved for choreoathetotic or 
dystonic reactions that develop after prolonged therapy. The "rabbit 
syndrome," in fact, shares many features with parkinsonism, because 
the tremor has a frequency of about 5 to 7 Hz and there is a favor- 
able response to anticholinergic agents and to the removal of the of- 
fending agent. 

Tardive dyskinesia is a late-appearing neurological syndrome (or 
syndromes) associated with the use of neuroleptic drugs. It occurs 
more frequently in older patients, and risk may be greater in patients 
with mood disorders than in those with schizophrenia. Prevalence av- 
erages 15% to 25% in chronically psychotic populations, with an an- 
nual incidence of 3% to 5% and a somewhat smaller annual rate of 
spontaneous remission, even with continued neuroleptic treatment. 
The risk is much lower with clozapine, but that of other recently de- 
veloped atypical antipsychotic agents is not known. Tardive dyski- 
nesia is characterized by stereotyped, repetitive, painless, involun- 
tary, quick choreiform (ticlike) movements of the face, eyelids (blinks 
or spasm), mouth (grimaces), tongue, extremities, or trunk. There are 
varying degrees of slower athetosis (twisting movements) and sus- 
tained dystonic postures, which are more common in young men and 
may be disabling. Late (tardive) emergence of possibly related dis- 
orders marked mainly by dystonia or akathisia (restlessness) also are 
seen. These movements all disappear in sleep (as in many other ex- 
trapyramidal syndromes), vary in intensity over time, and are de- 
pendent on the level of arousal or emotional distress. Although tar- 
dive dyskinetic movements can be suppressed partially by use of a 
potent neuroleptic, and perhaps with a dopamine-depleting agent such 
as reserpine or tetrabenazine, such interventions are reserved for com- 
pelling!)' severe dyskinesia, particularly with continuing psychosis. 
Some dyskinetic patients, typically those with dystonic features, may 
benefit from use of clozapine, with which the risk of tardive dyski- 
nesia is very low. Symptoms sometimes persist indefinitely after dis- 
continuation of neuroleptic medication; more often, they-diminish or 
disappear gradually over months of follow-up, especially in younger 
patients (Gardos et al, 1994; Morgenstern and Glazer, 1993). An- 
tiparkinsonism agents typically have little effect on or may exacer- 
bate tardive dyskinesia and other forms of choreoathetosis. such as 
in Huntington's disease, and no adequate treatment has yet been de- 
vised (Dabiri et aL 1994). 

There is no established neuropathology in tardive dyskinesia, 
and its pathophysiological basis remains obscure. It has been hy- 
pothesized that compensatory increases in the function of dopamine 
as a neurotransmitter in the basal ganglia may be involved. This idea 
is supported by the dissimilarities of therapeutic responses in patients 
with Parkinson "s disease and those with tardive dyskinesia, and by 
the similarities in responses of patients with other choreoathetotic 



dyskinesias such as Huntington's disease. Thus, antidopaminergic 
drugs tend to suppress the manifestations of tardive dyskinesia or 
Huntington's disease, while dopaminergic agonists worsen these con- 
ditions; in contrast to parkinsonism, antimuscarinic agents tend to 
worsen tardive dyskinesia, but cholinergic agents usually are inef- 
fective. Because supersensitivity to dopaminergic agonists tends not 
to persist for more than a few weeks after exposure to antagonists of 
the transmitter, this phenomenon is most likely to play a role in vari- 
ants of tardive dyskinesia that resolve rapidly; these usually are re- 
ferred to as withdrawal -emergent dyskinesias. The theoretical and 
clinical aspects of this problem have been reviewed in detail else- 
where (Baldessarini et aL, 1980; Kane et aL, 1992; Tarsy and 
Baldessarini, 1986). 

It is important to prevent the neurological syndromes that com- 
plicate the use of antipsychotic drugs. Certain therapeutic guidelines 
should be followed. Routine use of antiparkinsonian agents in an at- 
tempt to avoid early extrapyramidal reactions usually is unnecessary 
and adds complexity, side effects, and expense to the treatment reg- 
imen. Antiparkinsonian agents are best reserved for cases of oven 
extrapyramidal reactions that respond favorably to such intervention. 
The need for such agents for the treatment of acute dystonic reac- 
tions ordinarily diminishes with time, but parkinsonism and akathisia 
tend to persist. The thoughtful and conservative use of antipsychotic 
drugs in patients with chronic or frequently recurrent psychotic dis- 
orders almost certainly can reduce the risk of tardive dyskinesia. Al- 
though reduction of the dose of an antipsychotic agent is the best 
way to minimize its neurological side effects, this may not be prac- 
tical in a patient with uncontrollable psychotic illness. The best pre- 
ventive practice is to use the minimum effective dose of an antipsy- 
chotic drug for long-term therapy and to discontinue treatment as 
soon as it seems reasonable to do so or if a satisfactory response can- 
not be obtained. The use of clozapine and other novel antipsychotic 
agents with a low risk of inducing extrapyramidal side effects rep- 
resents an alternative for some patients, particularly those with con- 
tinuing psychotic symptoms plus dyskinesia (Baldessarini and 
Frankenburg, 1991). A high risk of agranulocytosis exists with cloza- 
pine. This leads to the current requirement of a weekly leukocyw 
count to minimize this risk. 

Jaundice. Jaundice was observed in patients shortly after the in- 
troduction of chlorpromazine. Commonly occurring during the sec- 
ond to fourth week of therapy, the jaundice is generally mild, arid 
pruritus is rare. The reaction is probably a manifestation of hyp er * 
sensitivity, because eosinophilic infiltration of the liver as well a> 
eosinophilia occur, and there is no correlation with dose. Dese n * 
sitization to chlorpromazine may occur with repeated administr 3 ' 
tion, and jaundice may or may not recur if the same neurolep 111 
agent is given again. When the psychiatric disorder calls for u n * 
interrupted drug therapy for a patient with neuroleptic-induc^ 
jaundice, it is probably safest to use low doses of a potent. 
similar agent. 

Blood Dyscrasias. Mild leukocytosis, leukopenia, and eosinophil 
occasionally occur with antipsychotic medications, particularly xVlt . 
clozapine and less often with low-potency phenothiazines. It is ^' 
ficult to determine whether a leukopenia occurring during the a 
ministration of a phenothiazine is a forewarning of impending ag ral1 
ulocytosis. This serious but rare complication occurs in not more th^ 11 
1 in 10,000 patients receiving chlorpromazine or other low-potf nC ' . 
agents other than clozapine; it usually appears within the first 8 1 
12 weeks of treatment (Alvir et aL. 1993). Suppression of the bo^ 
marrow or, less commonly, agranulocytosis has been associated P^ 
ticularly with the use of clozapine; the incidence approaches 1 jl 
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within several months of treatment, independent of dose, and close 
monitoring of the patient is required for its safe use. Because the on- 
set of blood dyscrasia may be sudden, the appearance of fever, 
malaise, or apparent upper respiratory infection in a patient being 
treated with an antipsychotic drug should be followed immediately 
by a complete blood count. Risk of agranulocytosis has been greatly 
reduced, though not eliminated, by routine weekly white blood cell 
counts in patients being treated with clozapine. 
Skin Reactions. Dermatol ogical reactions to the phenothiazines are 
common. Urticaria or dermatitis occurs in about 5% of patients re- 
ceiving chlorpromazine. Several types of skin disorders may occur. 
Hypersensitivity reactions that may be urticarial, maculopapular, pe- 
techial, or edematous usually occur between the first and eighth week 
of treatment. The skin clears following discontinuation of the drug 
and may remain so even if drug therapy is reinstituted. Contact der- 
matitis may occur in personnel who handle chlorpromazine, and there 
may be a degree of cross-sensitivity to the other phenothiazines. Pho- 
tosensitivity occurs that resembles severe sunburn. An effective sun- 
ken preparation should be prescribed for outpatients being treated 
with phenothiazines during the summer. Gray-blue pigmentation in- 
duced by long-term administration of low-potency phenothiazines in 
nigh doses is rare with current practices. 

Epithelial keratopathy often is observed in patients on long-term 
therapy with chlorpromazine. and opacities in the cornea and in the 
kn> of the eye also have been noted. In extreme cases, deposits in 
ita lens may impair vision. Active treatment of this condition (e.g., 
"ith penicillamine) has not been especially helpful, and the deposits 
•end to disappear spontaneously, although slowly, following discon- 
imuation of drug administration. Pigmentary retinopathy has been re- 
; "Med. particularly following doses of thioridazine in excess of 1000 

per day; a maximim daily dose of 800 mg currently is recom- 
: '-nded. 

In teractions with Other Drugs. The phenothiazines 
jn d ihioxanthenes, especially those of low potency, affect 



ihe 



actions of a number of other drugs, sometimes with 



!m Portam clinical consequences (see Goff and Bal- 
^>sarini ; 1993). Chlorpromazine originally was intro- 

u ^ed to potentiate central depressants in anesthesiology. 
' u ^ drugs can strongly potentiate sedatives and analgesics 
Scribed for medical purposes, as well as alcohol, non- 
^ Cr '^° n sec * at * ves anc * hypnotics, antihistamines, and 
reme dies. Chlorpromazine increases the miotic and 

v a lv e effects of morphine and may increase its analgesic 
^ U ° ns * Furthermore, the drug markedly increases the res- 
jjaiory depression produced by meperidine and can be ex- 
^ntl^ l ° ^ aVC s * m ^ ar e ^ ect s when administered concur- 
,n hib"it Wlt ^ ° ther opio * ds * Obviously, neuroleptic drugs 
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actions of direct dopaminergic agonists and of 



v - sl em interactive effects can be manifest on the cardiovascular 
" v their \ rpromazine an d s orne other antipsychotic drugs, as well 
"ii tt . ls ^ -ciern ethylated metabolites, may block the antihypertensive 
%\ K ner ^ Uaneinidine - probably by blocking its uptake into sympa- 
tic are^^ ^ e more P olem antipsychotic agents as well as molin- 
es s likely to cause this effect. Low-potency phenothiazines 



can promote postural hypotension, possibly due to their a-adrener- 
gic blocking properties. Thus, the interaction between phenothiazines 
and antihypertensive agents can be unpredictable. 

Thioridazine may partially nullify the inotropic effect of dig- 
italis by its quinidine-like action, which can cause myocardial de- 
pression, decreased efficiency of repolarization, and increased risk 
of tachyarrhythmias. The antimuscarinic action of clozapine and 
thioridazine can cause tachycardia and enhance the peripheral and 
central effects (confusion, delirium) of other anticholinergic 
agents, such as the tricyclic antidepressants and antiparkinsonian 
agents. 

Sedatives or anticonvulsants (e.g.. carbamazepine. phenobarbi- 
tal, phenytoin, but not valproate) that induce microsomal drug- 
metabolizing enzymes can enhance the metabolism of antipsychotic 
agents, sometimes with significant clinical consequences. Con- 
versely, serotonin reuptake inhibitors including fluoxetine (see Chap- 
ter 11) compete for hepatic oxidases and can elevate circulating lev- 
els of neuroleptics (Goff and Baldessarini, 1993). 



The antipsychotic drugs are not specific for the type of 
psychosis to be treated. They are clearly effective in acute 
psychoses of unknown etiology, including mania, acute id- 
iopathic psychoses, and acute exacerbations of schizo- 
phrenia; the greatest amount of controlled clinical data ex- 
ists for the acute and chronic phases of schizophrenia. In 
addition, antipsychotic drugs are used empirically in many 
other disorders in which psychotic symptoms and severe 
agitation are prominent. 

The fact that phenothiazines and other neuroleptic 
agents are indeed antipsychotic was slow to gain accep- 
tance. However, many clinical trials and four decades of 
clinical experience have established that these agents are 
effective and that they are superior to agents such as the 
benzodiazepines or to alternatives such as electroconvul- 
sive shock or other medical or psychological therapies (see 
Baldessarini. 1984, 1996b). The "target" symptoms for 
which the neuroleptic agents seem to be especially effec- 
tive include tension, hyperactivity, combativeness. hostil- 
ity, hallucinations, acute delusions, insomnia, anorexia, 
poor self-care, negativism, and sometimes withdrawal and 
seclusiveness; less likely are improvements in insight, 
judgment, memory, and orientation. The most favorable 
prognosis is for patients with acute illnesses of brief du- 
ration who have had relatively healthy personalities prior 
to the illness. 

Despite the great success of the use of antipsychotic 
drugs, their use alone does not constitute optimal care of 
psychotic patients. The acute care, protection, and support 
of acutely psychotic patients, as well as mastery of tech- 
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niques employed in their long-term care and rehabilitation, 
are important medical skills. Detailed reviews of the clin- 
ical use of antipsychotic drugs are available (Baldessarini, 
1984, 1996b; Janicak et aL, .1993). 

No one drug or combination of drugs has a selective effect on 
a particular symptom complex in groups of psychotic patients: al- 
though individual patients may appear to do better with one agent 
than another, this can be determined only by trial and error. The con- 
cept that certain agents are specifically effective against "negative" 
symptoms in psychotic disorders remains controversial and rather 
speculative. Generally, "positive" (psychotic thinking, delusions, ag- 
itated turmoil, hallucinations) and "negative" (apathy, emotional 
withdrawal, lack of social interaction) symptoms tend to respond, or 
not respond, together. This trend is well documented with typical as 
well as atypical antipsychotic agents. It is clear that clozapine, at 
least, induces less bradykinesia and other parkinsonian effects than 
do typical neuroleptics. This is sometimes interpreted clinically as a 
beneficial effect on impoverished affective responsiveness. The pow- 
erful sedating action of clozapine, however, can work in the oppo- 
site direction. It is important to simplify the treatment regimen and 
to ensure that the patient is receiving the drug. In cases of suspected 
severe and dangerous noncompliance or with failure of oral treat- 
ment, the patient can be treated with injections of fluphenazine de- 
canoate. haloperidol decanoate, or other long-acting preparations. 
Since delusional paranoid patients frequently believe that the medi- 
cine is "poison they are often given long-acting injectable prepara- 
tions. 

Because the choice of an antipsychotic drug cannot be made on 
the basis of anticipated therapeutic effect, the selection of a particu- 
lar medication for treatment often depends on side effects. If a pa- 
tient has responded well to a drug in the past, it probably should be 
used again. If the patient has a history of cardiovascular disease or 
stroke and the threat from hypotension is serious, a potent neurolep- 
tic should be used in the smallest dose that is effective (see Table 
18-1). If it seems important to minimize the risk of acute ex- 
trapyramidal symptoms, thioridazine or clozapine or a low dose of 
risperidone should be considered. If the patient would be seriously 
discomforted by interference with ejaculation or if there are serious 
risks of cardiovascular or other autonomic toxicity, low doses of a 
potent neuroleptic might be preferred. If sedative effects are unde- 
sirable, a potent agent is preferable. Small doses of antipsychotic 
drugs of high or moderate potency may be safest in the elderly. If 
the patient has compromised hepatic function or if there is a poten- 
tial threat of jaundice, low doses of a high-potency agent may be 
used. The physician's experience with a particular drug may outweigh 
all other considerations. Skill in the use of antipsychotic drugs de- 
pends on selection of an adequate but not excessive dose, knowledge 
of what to expect, and judgment as to when to stop therapy or change 
drugs. 

Some patients do not respond satisfactorily to antipsychotic drug 
treatment, and many chronically disorganized schizophrenic patients, 
while helped during periods of acute exacerbation of their disease, 
may show unsatisfactory responses between the more acute phases 
ol illness. The individual nonresponder cannot be identified before- 
hand with certainty, and a small subgroup of patients does poorly or 
sometimes even becomes worse on medication. If a patient does not 
improve after a course of adequate treatment and fails to respond to 
another drug given in adequate dosage, the diagnosis should be 
reevaluated. 



Usually 2 to 3 weeks or more are required to demonstrate ob- 
vious positive effects in hospitalized schizophrenics. Maximum ben- 
efit in chronically psychotic patients may require 6 weeks to 6 
months. In contrast, improvement of some acutely psychotic patients 
can be seen within 48 hours. Aggressive dosing or parenteral ad- 
ministration of an antipsychotic drug at the start of an acute psy- 
chosis has not been found to increase the rate of appearance of ther- 
apeutic responses (Baldessarini et aL 1988). Sedative or anxiolytic 
agents, such as the potent benzodiazepines, can be used for brief pe* 
riods during the initiation of therapy with neuroleptic drugs; they are 
not effective in the long-term treatment of chronically psychotic and. 
especially, schizophrenic patients. After the initial response, drugs 
usually are used in conjunction with psychological, supportive, and 
rehabilitative treatments. 

There is no convincing evidence that combinations of antipsy- 
chotic drugs offer any advantage. A combination of ah antipsychotic 
drug and an antidepressant may be useful in some cases, especial!} 
in depressed psychotic patients or in cases of agitated major depres- 
sion with psychotic features. However, the suggestion that a tricyclic 
antidepressant or a stimulant can reduce apathy and withdrawal in 
schizophrenia has not been proven, and the proposal that clozapine, 
risperidone, diphenylbutylpiperidines, benzamides, or other newer 
agents are uniquely valuable against such "negative" symptoms oi 
schizophrenia has not been universally accepted. 

Optimal dosage of antipsychotic drugs requires individualiza- 
tion to determine doses that are effective, well-tolerated, and accepted 
by a patient. Dose-response relationships for the antipsychotic ef- 
fects and the neurological side effects overlap, and an end-point of 
a desired therapeutic response can be difficult to determine. The typ- ' 
ical effective dose of chlorpromazine is approximately 300 to 500 ms 
daily; 5 to 15 mg of haloperidol daily usually produces clearly ap- 
parent antipsychotic effects. Doses of as little as 50 to 200 mg <" 
chlorpromazine per day (or 2 to 6 mg of haloperidol or fluphenazine 
per day) may be effective and be better tolerated by many patients 
especially after the initial improvement of acute symptom-* 
(Baldessarini etaL 1988). Careful observation of the patient's chang- 
ing response is the best guide to dosage. 

In the treatment of acute psychoses, the dose of antipsychotic 
drug is increased during the first few days to achieve control of symF" 
toms. The dose is then adjusted during the next several weeks as ihf 
patient's condition warrants. Parenteral medication sometimes is in ' 
dicated for acutely agitated patients; 5 mg of haloperidol or 
fluphenazine or comparable doses of another agent are given intf 3 ' 
muscularly. The desired response usually can be obtained by adm'^ 
istering additional doses at intervals of 4 to 8 hours for the first 
to 72 hours because the appearance of effects may be delayed ^ 
several hours. Rarely is it necessary to administer more than 20 u , 
30 mg of fluphenazine or haloperidol (or an equivalent amount ^ 
another agent) per 24 hours. Severe and otherwise poorly control'^' 



agitation usually can be managed safely by use of adjunctive 



seda- 



tion {e.g., with a benzodiazepine such as lorazepam) and close ^ 
pervision in a secure setting. One must remain alert for acute d)- 
tonic reactions, which are especially likely early in the aggtf^ 
use of potent neuroleptics. Hypotension is most likely to occur i 1 k 
agent of low potency, such as chlorpromazine. is given in a high do- 1 
or by injection. Some antipsychotic drugs, including fluphenaz^" 
other piperazines. and haloperidol. have been given in doses of * 
eral hundred milligrams a day without disaster, although such hir 
doses of potent agents do not yield significantly or consistently " ^ 
perior results in the treatment of acute or chronic psychosis, and » n ^ 
may yield inferior antipsychotic effects as well as be associated * 
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increased risks of neurological and other side effects (Aubree and 
Lader. 1980; Baldessarini et aL, 1988). After an initial period of sta- 
bilization, regimens based on a single daily dose (typically 5 to 10 mg 
per day of haloperidol, fluphenazine, or their, equivalent) are effec- 
tive and safe; this may allow some degree of selection of the time at 
which unwanted effects occur so as to minimize the patient's dis- 
comfort. 

Table 18-1 gives the usual and extreme ranges of dosage for 
antipsychotic drugs used in the United States. The ranges have been 
established, for the most part, in the treatment of schizophrenic or 
manic patients. Although acutely disturbed inpatients often require 
higher doses of an antipsychotic drug than do more stable outpa- 
tients, the concept that a low or flexible maintenance dose will suf- 
fice during follow-up care of a partially recovered or chronic psy- 
chotic patient is supported by several appropriately controlled trials 
(Baldessarini et aL, 1988; Herz et aL, 1991; Kane et aL, 1983). 

In reviews of nearly 30 controlled prospective studies involving 
close to 3,500 schizophrenic patients, the mean overall relapse rate 
was 589c for those patients who were withdrawn from antipsychotic 
drugs and given a placebo, compared with only 16% of those who 
continued on drug therapy (Baldessarini et aL, 1990; Baldessarini, 
1996b). Dosage in chronic cases often can be lowered to 50 to 200 mg 
of chlorpromazine (or its equivalent) per day without signs of re- 
lapse. Flexible therapy in which dosage is adjusted to changing cur- 
rent requirements can be useful and can reduce the incidence of side 
effects. Maintenance with injections of the decanoate ester of 
fluphenazine or haloperidol every 2 to 4 weeks can be very effective 
(Kane et aL, 3983). 

The treatment of cognitive disorders (i.e., delirium or dementia) 
* another accepted use of the antipsychotic drugs. They may be ad- 
ministered temporarily, while a specific and correctable structural, 
infectious, metabolic, or toxic cause is vigorously sought. They are 
'°nietimes used for prolonged periods when no correctable cause can 
^ e found. Once again, there are no drugs of choice or clearly estab- 
lished dosage guidelines for such indications, although agents of high 
Potency are preferred (see Prien, 1973). In patients with acute "brain 
^ndromes" without likelihood of seizures, frequent small doses (e.g., 
- 10 6mg) of haloperidol or a piperazine may be effective in con- 
tfolling agitation. Agents with low potency should be avoided be- 
vaust °f their greater tendency to produce sedation, hypotension, and 
' eiZUres - and those with central anticholinergic effects may worsen 
j^nfusion and agitation. The potent antipsychotic drugs are much less 
e > than sedatives to cause additional confusion or memory im- 
d!r ment in delirious or demented patients. 

'^ith^ e °^ ant 'P s >' cnol ' c drugs m mania and depression has met 
^ s ome success. Most neuroleptics are effective in the treatment 
l u ^ man ' a an d often are used concomitantly with the institution of 
c l* Um lner apy or anticonvulsant agents such as sodium valproate or 



j amaz epine (see Chapter 19). In fact, it often is impractical to at- 
^eek l ° mana £ e a niar| ic patient with lithium alone during the first 
Hxlai °^ '^ ness " wnen tne anl ip s y cnol i c drugs usually are required: 
the U f ^ e ^ 0ses °f potent anxiolytic agents also can be used early in 
preve n ^ ment °^ mama ' ^° adequate studies of possible long-term 
have h e ^ ects °f antipsychotic drugs in manic-depressive illness 
the tre , en Con ducted. Neuroleptics also may have a limited role in 
the e ^ trTlent °f depression. Controlled studies have demonstrated 
csp^j^^-' °^ several antipsychotic drugs in some depressed patients. 
idcij l j 0n ' l ^ 0se w 'th striking agitation or psychotic delusions, and 
m,. Jn °f a neuroleptic to an antidepressant in psychotic depression 



„ res ults approaching those obtained with ECT (Brotman et 
; Cn an et a L 1 987)T 



Anxiety has been considered a possible indication for the use 
of antipsychotic drugs, especially in small doses. In view of the wide 
range of disturbing and serious side effects, the routine use of these 
drugs for such a purpose is inappropriate. In rare instances, patients 
who have crippling anxiety that does not respond to sedative- 
antianxiety drugs or to treatment with antidepressant agents may ben- 
efit from a brief trial of an antipsychotic agent. A brief trial is not 
likely, however, to be of long-term benefit to a patient who suffers 
from debilitating anxiety. Long-term treatment may involve risks 
such as the development of tardive dyskinesias that far outweigh the 
uncertain benefits of using neuroleptics to relieve symptoms of anx- 
iety. 

The status of the drug treatment of childhood psychosis and 
other behavioral disorders of children is confused by diagnostic in- 
consistencies and a paucity of controlled studies. Neuroleptics can 
benefit children with disorders characterized by features that occur 
in adult psychoses, as well as those with Tourette's syndrome. Low 
doses of the more potent agents usually are preferred in an attempt 
to avoid interference with daytime activities or performance in school 
(Biederman and Jellinek, 1984). Attention disorder, with or without 
hyperactivity (attention deficit hyperactivity disorder), responds 
poorly to antipsychotic agents but often very well to certain stimu- 
lants. Methylphenidate is commonly used, but amphetamines also are 
effective, and sometimes pemoline is employed. For patients who re- 
spond poorly or inconsistently to stimulants or develop adverse ef- 
fects such as weight loss, dysphoria, or tics, antidepressant agents 
sometimes are employed. The tricyclic type of antidepressants have 
been characterized in the most detail, but serotonin reuptake in- 
hibitors also may be effective in some cases (see Chapter 19: 
Biederman et aL, 1989; Zametkin and Rapoport, 1987). Information 
on dosages of antipsychotic drugs for children is limited, as is the 
number of drugs currently approved in the United States for use in 
preadolescents. The recommended doses of antipsychotic agents for 
school-aged children with moderate degrees of agitation are lower 
than those for acutely psychotic children, who may require doses 
similar to those used in adults (total milligrams per day) 
(Baldessarini, 1996a; Biederman and Jellinek, 1984; Popper. 1987; 
see also Table 18-1). Most relevant experience is with chlorpro- 
mazine. for which the recommended single dose is approximately 
0.5 mg/kg of body weight, given at intervals of 4 to 6 hours orally 
or 6 to 8 hours intramuscularly. Suggested dosage limits are 200 mg 
per day (orally) for preadolescents. 75 mg per day (intramuscularly) 
for children age 5 to 12 years or weighing 23 to 45 kg, and 40 mg 
per day (intramuscularly) for children under 5 years of age or 23 kg 
of body weight. Usual single doses for other agents of relatively low 
potency are triflupromazine. 0.25 mg/kg; thioridazine. 0.25 to 
0.5 mg/kg: and chlorprothixene. 0.5 to 1.0 mg/kg. to a total of 
lOOmg/day (over the age of 6). For neuroleptics of high potency, 
daily doses are trifluoperazine. 1 to 15 mg (6 to 12 years of age) and 
1 to 30 mg (over 12 years of age): fluphenazine. 0.05 to 0.10 mg/kg. 
up to 10 mg (over 5 years of age): and perphenazine. 0.05 to 
0.10 mg/kg. up to 6 mg (over 1 year of age). Haloperidol and pi- 
mozide have been used in children, especially for Tourette's syn- 
drome: haloperidol is recommended for use in a dosage of 2 to 16 mg 
per day in children over 12 years of age. 

Poor tolerance of the side effects of the antipsychotic drugs of- 
ten limits the dosage that can be given to elderly patients. One should 
proceed cautiously, using small, divided doses of agents with mod- 
erate or high potency, with the expectation that elderly patients will 
require doses that are one-half or less of those needed for young 
adults (see Jenike: 1985: Raskin et al., 1981). 
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MISt 1 : 1 . 1 ANKOl \S MEDICAL 

lsls i oh ml roleptic 
i>rl<;s 

Neuroleptic drugs have a variety of uses in addition to the 
treatment of psychiatric patients. Predominant among these 
are the treatment of nausea and vomiting, alcoholic hallu- 
cinosis, certain neuropsychiatric diseases marked by move- 
ment disorders (notably, Tourette's syndrome and Hunt- 
ington's disease), and, occasionally, pruritus (for which 
trimeprazine is recommended) and intractable hiccough. 

Nausea and Vomiting. Many antipsychotic agents can prevent 
vomiting of specific etiologies when given in relatively low, nonseda- 
tive doses. This use is discussed in Chapter 38. 

Other Neuropsychiatric Disorders. Antipsychotic drugs are use- 
ful in the management of several syndromes with psychiatric features 
that are also characterized by movement disorders. These include, in 
particular. Tourette's syndrome (marked by tics, other involuntary 
' movements, aggressive outbursts, grunts, and vocalizations that fre- 
quently are obscene; see Shapiro et ai, 1988) and Huntington's dis- 
ease (marked by severe and progressive choreoathetosis, psychiatric 
symptoms, and dementia, with a clear genetic basis; see Chase. 1 976). 
Haloperidol is currently regarded as the drug of choice for these con- 
ditions, although it is probably not unique in its antidyskinetic ac- 
tions. Pimozide, a diphenylbutylpiperidine. also is used (typically in 
daily doses of 2 to 10 mg). Pimozide carries some risk of impairing 
cardiac repolarization, and it should be discontinued if the Q-T in- 
terval exceeds 470 msec, especially in a child. Clonidine and certain 
antidepessants also may be effective in Tourette's syndrome (Spencer 
et aL 1993). 

Withdrawal Syndromes. Antipsychotic drugs are not useful in the 
management of withdrawal from opioids, and their use in the man- 
agement of withdrawal from barbiturates and other sedatives or al- 
cohol is contraindicated. because of the high risk of seizures. They 
can be used safely and effectively in psychoses associated with 
chronic alcoholism— especially the syndrome known as alcoholic 
hallucinosis {see Kaplan and Sadock. 1989). 



IL Drugs Used in the Treatment 
of Anxiety 

Anxiety is a cardinal symptom of many psychiatric disor- 
ders and an almost-inevitable component of many medical 
and surgical conditions. Indeed, it is a universal human 
emotion, closely allied with appropriate fear, and often 
serving psychobiologically adaptive purposes. A most im- 
portant clinical generalization is that anxiety is rather in- 
frequently a "disease" in itself. Anxiety that is typically as- 
sociated with the "psychoneurotic" disorders is not readily 
explained in biological or psychological terms; contempo- 
rary hypotheses implicate overactivity of adrenergic sys- 
tems or dysregulation of serotonergic systems in the CNS 



(Hoehn-Saric, 1982; Gorman et aL, 1987; Coplan et ai 
1992). In addition, symptoms of anxiety commonly are as- 
sociated with depression and especially with dysthymic 
disorder (chronic "neurotic" depression), panic disorder, 
agoraphobia and other specific phobias, obsessive-com- 
pulsive disorder, eating disorders, and many personalis 
disorders. Sometimes, despite a thoughtful evaluation of a 
patient, no treatable primary illness is found, or, if one i> 
found and treated, it may be desirable to deal directly with 
the anxiety at the same time. In such situations, antianxi- 
ety medications are frequently and appropriately used (set 
Hollister et aL, 1993; Janicak et aL, 1993; Lader, 1 994 l 
Currently, the benzodiazepines are the most com- 
monly employed antianxiety agents for generalized anxi- 
ety disorder. Some benzodiazepines (alprazolam, clon- 
azepam, and lorazepam) are effective in severe anxiet> 
with strong autonomic overactivity (panic disorder) as are 
several antidepressant agents {see Chapter 19; Dubovsky 
1990; Lader, 1994; Rickels and Schweizer, 1987; Sympo- 
sium, 1982, 1983, 1988). For generalized or nonspecific 
anxiety, the specific agent selected seems to make little dif- 
ference. In the elderly or in patients with impaired hepatic 
function, oxazepam in small, divided doses is currently fa- 
vored due to its brief action and direct conjugation and 
elimination. The latter property is shared by lorazepam. but 
not by alprazolam, which requires ring-oxidation before 
conjugation, although its elimination half-life is slight 
shorter than that of lorazepam (12 vs. 14 hours; see Chap- 
ter 17). Benzodiazepines commonly are given to outpa- 
tients with anxiety mixed with symptoms of depression 
although their specific efficacy in the core features of se- 
vere major depression is not well demonstrated. Po* enI 
benzodiazepines also are commonly employed, adjunc- 
tively, in the short-term management of acutely psychos 
or manic patients {see Chapter 19; Baldessarini, 1996a*- 

The most favorable responses to the benzodiazepines are ob- 
tained in situations that involve relatively acute anxiety reaction* ' r ' 
medical or psychiatric patients who have either modifiable prim^ 
illnesses or primary anxiety disorders. However this group of ;in \ 
ious patients also has a high response rate to placebo and is likely ^ 
undergo spontaneous improvement. Antianxiety drugs also are ^ 
in the management of more persistent or recurrent anxiety associa lfU 
with the neuroses; guidelines for their appropriate use are less c ^ 
in these situations. Although there has been concern about th e ^, 
tential for habituation and abuse of sedatives, some studies sue? 1 ' 1 
that physicians tend to be conservative and may even undertreai p-_ 
tients with anxiety. They may either withhold drug unless syrnp 10 ^ 
or dysfunction are severe or cease treatment within a few weeks- . 
a high proportion of relapses. Patients with personality disorder o*' 
past history of abuse of sedatives or alcohol may be particular ^ 
risk of dose-escalation and dependence on benzodiazepines. B etlZ \ 
diazepines carry some risk of producing impairment of cogniti° n ^ 
skilled motor functions, particularly in the elderly, in whom thO 
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a common cause of confusion, delirium (sometimes mistaken for pri- 
mary dementia), and falls with fractures (Ray et al, 1 987); azapirones 
are less likely to produce these impairments. Risk of fatality on acute 
overdose of benzodiazepines is limited in the absence of other cere- 
brotoxins or alcohol; risk of suicide with buspirone is very low. A 
particularly controversial aspect of the use of benzodiazepines, es- 
pecially those of high potency, is in long-term management of pa- 
tients with sustained or recurring symptoms of anxiety. Benefits have 
been found for at least several months in such cases, but it is unclear 
io what extent the long-term benefits can be distinguished from non- 
specific {"placebo") effects following development of tolerance, on 
the one hand, or prevention of related withdrawal-emergent anxiety 
on the other (Lader. 1994). The status of sedative-antianxiety agents 
as federally controlled substances is reviewed in Appendix I. 

Sedatives with useful antianxiety effects are consis- 
tently among the most commonly prescribed drugs. The 
appropriate generic term for this group of agents remains 
uncertain, and terms such as antianxiety agents, anxiolyt- 
ics, and tranquilizers are currently used. Most drugs used 
io treat anxiety are sedatives or at least have many prop- 
erties in common with traditional sedatives, such as the 
barbiturates. Even the benzodiazepines have sedative prop- 
erties, particularly when relatively high doses are given. 
The wide diversity of compounds used to treat anxiety 
greatly complicates attempts to make generalizations about 
ftem. Many of these drugs are discussed in other chapters 
of this text (see Chapters 17, 20, and 24). This section cov- 
ers a limited group of agents that are commonly used to 
freat anxiety and mild dysphoria, and only this use is em- 
phasized. Because the benzodiazepines dominate this field, 
e . v are given the most attention. Several reviews of the 
Pharmacology of these drugs, particularly the benzodi- 
azepines, are available {see Hollister et al, 1993; 
. eu *eyer and Booth, 1995; Rosenbaum, 1987; Sympo- 
Slum *1988; see also Chapter 17). 

e ^n?of Human beings have sou S nt chemi cal agents to modify the 
dvs Pho° S h eSS lhC feelings of disc omfort, tension, anxiety, and 
Jed to th 3 h ghoul recorded history. Many of these efforts have 
and the * lo P ment of a S ems tha t are often classed as sedatives, 

ethanol i^u* m ° St widely used of these is one of the old est— 
effe cl to *] u PaSl cemur y' bromide salts and compounds similar in 
^ducecT C incl " d jng paraldehyde and chloral hydrate, were in- 
lhe e *riv i n qon mediCal practice as sedative s; these were followed in 
'"antanti by the barbiturates * The barbiturates were the dom- 
ever - by th"* T'' aSemS throughout the firsl half of this century; how- 
duce toier 6 95 ° S concern nad arise n about their propensity to in- 
dUrin ? ^hT Ph>sical de P endence > and potentially lethal reactions 
C ° m Pound - aWal " and th ' S encoura g ed tne search f or safer agents. 
inilial Popul SUCh aS me P robamate were the filial result. Despite the 
° r for h ypn aniy ° f S ° me ° f theSe com P ounds for daytime sedation 
Ues of barbi? llC effeClS ' the> ' Share many 0f the undesirable proper- 
Uleir useful' UrateS ' includin 8 a limited degree of separation between 
)pens uy lo anUanxiet y effects and excessive sedation as well as a 
0 cause physical dependence and severe acute intoxica 



tion on overdosage (Greenblatt and Shader, 1971). This set the scene 
for the discovery of chlordiazepoxide in the late 1950s and the syn- 
thesis of over 3000 benzodiazepines, nearly 50 of which are clini- 
cally employed. This class of sedatives has come to dominate the 
market and medical practice; in recent years, alprazolam, diazepam, 
lorazepam, and their congeners have been among the front-runners 
in terms of numbers of prescriptions written for all drugs used in 
medical practice. 



Nine benzodiazepine derivatives, currently are recom- 
mended for the treatment of anxiety. In their order of in- 
troduction, they are chlordiazepoxide, diazepam, ox- 
azepam, clorazepate, lorazepam, prazepam, alprazolam, 
and halazepam; in addition, clonazepam (noted more for 
its potent anticonvulsant properties) is used in the treat- 
ment of panic disorder {see Rosenbaum, 1987). Although 
commonly used for treating anxiety, these drugs share other 
therapeutic indications— notably sedation and induction of 
sleep. While other benzodiazepines are advertised with an 
emphasis on sedative or hypnotic effects, the differences 
between them and the nine recommended for anxiety are 
subtle and possibly insignificant {see Greenblatt et al, 
1983). The available preparations and dosages recom- 
mended for the use of benzodiazepines for treatment of 
anxiety are provided in Table 18-3. 

History. The first successful benzodiazepine, chlordiazepoxide, 
was developed by Sternbach's group at the Roche Laboratories in the 
late 1950s (Neumeyer and Booth, 1995). Chlordiazepoxide had mus- 
cle-relaxant and spinal reflex -blocking properties in animals. It also 
produced "taming" in animals at doses much lower than those pro- 
ducing ataxia or inducing sleep. These findings led to the clinical 
trial of the drug in human beings for the determination of antianxi- 
ety effects (see Symposium, 1982.) 

Chemistry. The structure-activity relationships of the benzodi- 
azepines have been reviewed by Sternbach {see Symposium, 1982). 
Structures of benzodiazepines commonly recommended for treatment 
of anxiety are shown in Chapter 1 7 (Figure 17-1; see also Neumeyer 
and Booth, 1995). 



Chlordiazepoxide, diazepam, and lorazepam can be con- 
sidered prototypical drugs of their class. 

Central Nervous System. Behavioral and Neurophys- 
iological Effects. The effects of the benzodiazepines in 
the relief of anxiety can be demonstrated readily in exper- 
imental animals (Eison, 1984). In conflict punishment pro- 
cedures, benzodiazepines greatly reduce the suppressive 




Compounds Used for Anxiety: Dosage Forms and Doses 



NONPROPRIETARY NAME 



Alprazolam 
Chlordiazepoxide 



Clonazepam | 
Clorazepate 
Diazepam . 



Halazepam 
Lorazepam 

Oxazepam 
Prazepam 

Buspirone 



TRADE 
NAME 



XANAX 

Librium, others 



KLONOPIN 
TRANXENE 

Valium, others 



PAXIPAM 

ativan, others 

SERAX, ZAXOPAM 
CENTRAX 



BUSPAR 



DOSAGE 
FORMS * 



O 

0,1 



o 

o§ 

O §, I, L 



O 

0,1 
O 

o 
o 



USUAL DAILY 
DOSE, mg f 



0.75-1.5 
15-40 

25-200 (parenteral; may 
repeat in 2-4 hr) 
1.5-10 
15-60 
4-40 

2-20 (parenteral; may 
repeat in 3-4 hr) 
60-160 
2-6 

2-4 (parenteral) 
30-60 
20-40 

20-30 



EXTREME DAILY 
DOSE, mg 

0.5-4 

10-100 
25-300 (parenteral i 

0.5-20 
7.5-90 
2-40 



20- 
1- 



160 
10 



30-120 
10-60 



15-60 



* Dosage forms: O. oral solid; I. injection; L, oral liquid. 

t The daily doses are given as total milligrams per day, assuming doses are divided into two or four portions per day. Single parenteral doses are gi« : 
for chlordiazepoxide and diazepam. All doses are for adults or adolescents. For children 6 to 12 years of age, chlordiazepoxide may be 
orally in divided daily doses of 10 to 30 mg. Diazepam may be given in divided daily doses of 3 to 10 mg to children over 6 months of age. 
younger children, consult the manufacturer's instructions. Clorazepate is not recommended for children less than 9 years of age. ■ 

± Clonazepam is used primarily as an anticonvulsant, but has been used in panic disorder, as an adjunctive treatment of acute mania, and to facili<* 
withdrawal from other benzodiazepines that have a shorter duration of action. 

§ Clorazepate also is available as slow-release tablets (tranxene-sd) to be taken once daily. Diazepam also is available in slow-release capsules 0> : 

RELEASE).. 



effects of punishment. Positive effects in this experimen- 
tal model are not seen with antidepressants and antipsy- 
chotics. 

Difficulties in evaluating the therapeutic efficacy of 
psychotropic drugs in human beings are particularly great 
in the case of the antianxiety drugs, because of the contri- 
bution of nonpharmacological factors to the treatment of 
anxiety; disparate results have thus been obtained. Many 
studies have shown that benzodiazepines are more effec- 
tive than a placebo in the treatment of varied groups of 
anxious neurotic patients. However negative results also 
have been reported (see Janicak et a!., 1993). The clinical 
popularity of these drugs apparently is the result of a com- 
bination of their pharmacological actions, their relative 
safety, and an extraordinary demand for agents of this type 
by both physicians and patients. 

In common with barbiturates, chlordiazepoxide 
blocks EEG arousal from stimulation of the brainstem 



reticular formation. Benzodiazepines exert central-depi* ev 
sant actions on spinal reflexes, in part mediated by ^ 
brainstem reticular system. Like meprobamate and the bar- 
biturates, chlordiazepoxide depresses the duration of 
trical afterdischarge in the limbic system, including * l 
septal region, the amygdala, the hippocampus, and the h>* 
pothalamus. Virtually all benzodiazepines elevate seiz ,jrt? s Met a | m usc 

threshold and are anticonvulsant. Clonazepam, diazep afl1, ^ — • 

and clorazepate are used clinically for this purpose 
Chapter 20). 



There is also much interest in the effects of benz° ' 
azepines on neurotransmission in the forebrain that is n * 
diated by gamma-aminobutyric acid (GABA). One of ^ 
most important inhibitory neurotransmission systems in 1 
brain is mediated by GABA A receptors and CI" ion 
nels (see Chapters 12 and 17). Research on this system h ^ 
been stimulated by electrophysiological observations of 1 ^ 
potentiation of the inhibitory effects of GABA by ^ 
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iiazepines (as well as by alcohol and barbiturates) and by 
•jic discovery of specific binding sites for benzodiazepines 
, a various brain regions, particularly cerebellum, cerebral 
cortex, and the limbic system (Potokar and Nutt, 1994). 
These sites are believed to occur in a protein macromole- 
:ular complex that includes the large family of GABA A 
receptors and a CI" channel (Burt and Kamatchi, 1991). 
Binding of benzodiazepines can be modulated by both 
GABA and CI" even after extensive purification of the 
binding sites. Several imidazole-benzodiazepines, which 
act as benzodiazepine antagonists {e.g., flumazenil or Ro- 
15-1788), and carboline compounds with opposite physi- 
ological actions to those of benzodiazepines [inverse ago- 
nists, including ethyl-/3-carboline-3-carboxylate (/3-CCE) 
id its 6,7-dimethoxy congener (DMCM)] competitively 
inhibit the binding of the benzodiazepines. At concentra- 
:ions in the therapeutic range, benzodiazepines also can re- 
iuce the excitability of some neurons by actions that in- 
■olve neither GABA nor alterations in membrane 
permeability to CP. Thus, cellular mechanisms in addi- 
:! on to the important facilitation of GABA-mediated CI" 
inductance may contribute to the behavioral effects of 
^nzodiazepines. {see Burt and Kamatchi, J 991; Pole, 
:() S8; Symposium, 1988; see also Chapter 17.) 

Sects on Sleep. Benzodiazepines can be used effectively as hyp- 
; lic * in conjunction with their use as antianxiety drugs (Chapter 
' They seem to have only mild capacity to suppress REM sleep, 
' J! they do have a tendency to suppress the deeper phases of sleep, 
specially stage 4 (while increasing total sleep time). The signifi- 
-"^e of this finding is not known, but diazepam has been. used in 
'treatment of "night terrors" that arise in stage-4 sleep. 

( ardiovascular and Respiratory Systems. The cardiovascular ef- 
of the benzodiazepines are mild, and this encourages their fre- 
Us e in cardiac patients. Diazepam, in an intravenous dose of 5 
10 ^g. causes a slight decrease in respiration, blood pressure, and 
l!l ventricular stroke work. Increase in heart rate and decrease in 
*: dla c output also can occur. The effects are minimal, and it is un- 
^at benzodiazepines given in usual therapeutic doses by the 
rou te significantly depress cardiovascular function. 

^ etal Muscle. Diazepam and other benzodiazepines are widely 
I . as ^scle relaxants, although controlled studies have been in- 
■ ^ lem in showing an advantage of benzodiazepines over either 
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0r aspirin. Some muscle relaxation occurs after administra- 
most CNS depressants, and the advantages of the benzodi- 
" a Ppear to be small when given orally (see Chapter 17). 



p ' Sor ption, Distribution, Fate, and Excretion. 

, ( ^Pam. clonazepam, and oxazepam are absorbed rela- 
* tn J Slowly lowing oral administration, and peak con- 
ir ull ons in plasma may not be attained for hours. In con- 
dl azepam is absorbed rapidly, reaching peak 



concentrations in about an hour in adults, and as quickly 
as 15 to 30 minutes in children. Alprazolam, chlor- 
diazepoxide, halazepam, and lorazepam have intermediate 
rates of absorption. Clorazepate and prazepam do not ap- 
pear as such in the blood. Clorazepate is quickly decar- 
boxylated in the gastrointestinal tract, and the product, 
N-desmethyldiazepam {nordazepam; desoxydesmox- 
epam), is rapidly absorbed; prazepam is absorbed slowly 
and is transformed primarily to nordazepam by the liver 
before reaching the systemic circulation. Several other ben- 
zodiazepines also are converted to nordazepam in vivo, in- 
cluding chlordiazepoxide, diazepam, and halazepam {see 
Greenblatt et aU 1981). With the exception of lorazepam, 
the benzodiazepines are unpredictably absorbed following 
intramuscular injection but are rapidly absorbed when ad- 
ministered sublingually {see Greenblatt et aU 1983). 

Most of the benzodiazepines are bound to plasma pro- 
tein to a great extent (85% to 95%)— a factor that limits 
the efficacy of dialysis in the treatment of acute poisoning. 
The apparent volumes of distribution for most benzodi- 
azepines range from 1 to 3 liters per kilogram. 

The pharmacokinetic parameters that have been re- 
ported for these agents often can be misleading, because 
active metabolites with long half-lives can markedly alter 
the duration of effects. Notably, the formation of long-act- 
ing nordazepam as an active metabolite of several benzo- 
diazepines can extend the duration of their effects sever- 
alfold. A striking example is halazepam (half-life in plasma 
of 14 hours), the duration of action of which largely re- 
flects its metabolic conversion to nordazepam. which has 
a half-life of up to 100 hours. Nordazepam subsequently 
is 3-hydroxylated to another active compound, oxazepam, 
before inactivation by conjugation with glucuronic acid. 
Halazepam is no longer available for use in the United 
States. The metabolism of the benzodiazepines is described 
further in Chapter 17 and summarized in Table 17-1. 

The half-life usually stated for the elimination phase 
of the more lipophilic benzodiazepines does not adequately 
depict the kinetics of the early distributive phase, which 
can be important clinically. For example, the distributive 
(alpha) half-life of diazepam is about 1 hour, while the 
elimination (beta) half-life is about 1.5 days initially and 
even longer after prolonged treatment. Diazepam is rapidly 
absorbed and delivered to highly perfused tissues, includ- 
ing the brain, where a rapid psychotropic effect is pro- 
duced. The drug is then redistributed to less well perfused 
tissues. Thus, diazepam has a rapid onset and a relatively 
brief duration of action after a single dose due to redistri- 
bution out of the brain, even though the elimination half- 
life is long. Moreover, while correlations between plasma 
concentrations of benzodiazepines and clinical effects are 
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limited, concentrations in plasma only twice those usually 
considered to be effective are associated with undesirable 
degrees of sedation. For this reason, benzodiazepines are 
neither effectively nor safely given once a day; even those 
with relatively long elimination half-lives are best given in 
two to four portions for the treatment of daytime anxiety 
to avoid early intoxication and later reemergence of anxi- 
ety symptoms or mild withdrawal. 

The benzodiazepines as a class tend to have minimal 
pharmacokinetic interactions with other drugs, although 
their oxidative metabolism may be inhibited by cimetidine, 
disulfiram, isoniazid, and oral contraceptives and appears 
to be increased by rifampin. The premature neonate and 
the elderly may have half-lives for diazepam that are three 
or four times longer than those of young adults, children, 
or even full-term neonates. In addition, severe hepatic dis- 
ease can increase the half-life of diazepam by a factor of 
two to five. Since formation of glucuronides is not re- 
stricted to hepatic endoplasmic reticulum, oxazepam and 
lorazepam may be safer for patients with severely impaired 
hepatic function, if they are given in small divided doses. 
Oxazepam may be safer for elderly patients because of its 
relatively short duration of action. Most of the benzodi- 
azepines are excreted almost entirely in the urine and in 
the form of oxidized and glucuronide-conjugated metabo- 
lites (see Chapter 17). 

Information on the pharmacokinetic properties and 
metabolism of the benzodiazepines is described by Green- 
blatt er ai (1981). (See also Symposium, 1982, and Ap- 
pendix II.) 

Tolerance and Physical Dependence. If doses of ben- 
zodiazepines are given for long periods of time and then 
abruptly withdrawn, severe withdrawal symptoms, which 
occasionally include seizures, can occur (Woods et al y 
1987). Because of the long half-lives and conversion to ac- 
tive metabolites with long durations of action, withdrawal 
or abstinence symptoms after prolonged use may not ap- 
pear for a week or more after abrupt discontinuation of the 
drug and are likely to be mild (Laden 1994; Rickels et a!., 
1988; Woods et ai, 1987). In most instances after gradual 
withdrawal of usual doses of long-acting agents, no absti- 
nence syndrome occurs. However, some observations sug- 
gest that potent benzodiazepines with relatively short du- 
rations of action may be associated with the emergence of 
symptoms of anxiety between doses; difficulty in discon- 
tinuing treatment also has been noted. It is not clear to what 
extent these phenomena represent dependence or mild 
withdrawal reactions, in contrast to the reemergence of pri- 
mary symptoms for which the treatment was originally 
given. Alprazolam and lorazepam appear to be associated 



most often with such reactions. Substitution of a longer- 
acting benzodiazepine (e.g., 1 mg of clonazepam for each 
1 to 2 mg of alprazolam or lorazepam) may provide more 
sustained anxiolytic effects and facilitate gradual with- 
drawal (Rosenbaum, 1987). 

Toxic Reactions and Side Effects. The expected side ef 
fects of CNS depressants of drowsiness and ataxia are ex 
tensions of the pharmacological actions of these drugs. 

With diazepam, antianxiety effects can be expected at blood con 
centrations of 300 to 400 ng/ml, while some sedative effects and p>\- 
chomotor impairment begin at similar concentrations; gross CNS in 
toxication can be expected at concentrations over 900 to 1000ng/m: 
(Morselli, 1977). Therapeutic concentrations of chlordiazepoxide are 
approximately 700 to 1000 ng/ml. 

An increase in hostility and irritability, and vivid or disturbing 
dreams, are sometimes associated with the benzodiazepines. In ad- 
dition, one of the most common causes of reversible confusions; 
states in the elderly is the overuse of sedatives of all kinds, includ- 
ing what would ordinarily be referred to as "small*' doses of benzo- 
diazepines. 

Weight gain, which may be the result of renewed appetite, oc- 
curs in some patients. Among the other toxic reactions seen with 
chlordiazepoxide are skin rash, nausea, headache, impairment of sex- 
ual function, vertigo, and lightheadedness. Agranulocytosis and he- 
patic reactions rarely have been reported. Menstrual irregularis 
have been noted, and women may fail to ovulate while taking ben- 
zodiazepines. 

Overdosage with the benzodiazepines is frequent, but series 
sequelae are rare unless other drugs or ethanol are also taken. A fr tt 
deaths have been reported at doses greater than 700 mg of diazepam 
or chlordiazepoxide. The striking advantage of this group of drue> 
is their remarkable margin of safety. Treatment for overdosage '- ; 
purely supportive of respiratory and cardiovascular function. The dis- 
covery that certain imidazobenzodiazepines (notably, flumenazi 1 ' 
have selective, antagonistic effects against the benzodiazepines migfo 
yield the development of clinically useful antidotes for patients 
have overdosed (Brogden and Goa, 1988; see also Chapter 17). 

The question of teratogenic effects of benzodiazepines or oth? r 
toxic effects on the fetus is controversial (Czieze! and Lendvay. 19&~ : . 
Laegreid et aL, 1992). The most persistent, but still unproven. sug- 
gestion has been that there may be a small increase in the risk d 
midline cleft deformities of the lip or palate, although these rem^ 1 
well below the overall risk of birth defects (about 2% to 59c in 
general population) and are correctable by surgery. Benzodiazepine 
depress CNS function in the neonate, and especially in the pre" 12 ; 
ture newborn. Concentrations of these drugs in umbilical cord blo^ 
may exceed those in the maternal circulation; as mentioned, the fr' 
tus and newborn are much less able to metabolize benzodiazepine 
than are adults. Thus, intrauterine exposure to benzodiazepines p°' 
tentially can lead to a need for respiratory support after delivery- 
Interactions with Other Drugs. Interactions with other drugs a* 
infrequent with the benzodiazepines, and, except for an additive eft* 1 ' 1 
with other CNS depressants, they are usually not significant. Mi n ° r 
pharmacokinetic interactions are mentioned above. Heavy cigatf Ilt? 
smoking may decrease the effectiveness of usual doses of these drug 5 
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t il HKR SKDAT1X RS USED 
FOR AWfETN 

Many other classes of drugs that act on the CNS have been 
used for daytime sedation and the treatment of anxiety, but 
their use for these conditions is now virtually obsolete. 
Such drugs include the propanediol carbamates (notably, 
meprobamate and txbamate), the barbiturates {see Chapter 
17). and many other pharmacologically similar nonbarbi- 
turates. 

The demise of older sedative agents in modern psychiatric prac- 
tice is due primarily to their tendency to cause unwanted degrees of 
sedation or frank intoxication at doses required to alleviate anxiety; 
meprobamate and the barbiturates are likely to produce tolerance, 
physical dependence, severe withdrawal reactions, and life-threaten- 
ing toxicity with overdosage. 

Other drugs that have been used in the treatment of anxiety in- 
clude certain anticholinergic agents and antihistamines. Among these 
is hydroxyzine, an antihistamine that is not an effective antianxiety 
asem unless given in doses (400 mg per day) that produce marked 
sedation (Goldberg. 1984: see also Chapter 25). Propranolol and 
other jS-adrenergic receptor antagonists can reduce the autonomic 
symptoms associated with specific situational phobias, but do not ap- 
pear to be effective in generalized anxiety or panic disorder; simi- 
larly. other anti-adrenergic agents including clonidine may modify 
autonomic expression of anxiety, but have not been demonstrated 
convincingly to be clinically useful in the treatment of severe anxi- 
ety disorders (Rickels and Schweizer, 1987; Tyrer. 1980). 

A recently introduced new class of agents with ben- 
gal effects in disorders marked by anxiety or dyspho- 
ria of moderate intensity are the azapirones (azaspirode- 
ia nediones), currently represented clinically by buspirone 
'Table 18-3). 
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BUSPIRONE 

Originally developed as a potential antipsychotic 
^ ent w ' tn weak antidopaminergic activity, buspirone has 

ar macological properties distinct from those of both neu- 
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and sedatives including the benzodiazepines 
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a nce with benzodiazepines or other sedatives. 
0ne and several experimental congeners (e.g., 



gepirone, ipsapirone, tiaspirone) have selective affinity for 
serotonin receptors of the 5-HT] A type, for which they ap- 
pear to be partial agonists {see Chapter 1 1 ). 

Azapirones have selective affinity at serotonin 5-HT )A recep- 
tors labeled with the radioligand 8-hydroxy-2-(dipropylamino) 
tetralin (8-OH-DPAT) and low affinity for 5-HT 2 receptors. They are 
relatively active agonists of somatodendritic 5-HT| A autoreceptors. 
while showing variable postsynaptic 5-HTi A antagonism. Agonist ef- 
fects of azapirones at presynaptic 5-HT )A autoreceptors include de- 
creased firing of dorsal raphe serotonin neurons and decreased syn- 
thesis and release of serotonin. These are blocked selectively by 
5-HTi A antagonists such as (-)-pindolol. Long-term antiserotoner- 
gic actions of azapirones may lead to adaptations, including decreases 
of 5-HT 2 (but probably not 5-HT )A ) receptors in cerebral cortex. 

Azapirones also have moderate interactions with cerebral 
dopaminergic and noradrenergic systems, with a tendency to increase 
turnover of both catecholamines, possibly through action at autore- 
ceptors. They fail to induce catalepsy and can reverse cataleptic ef- 
fects of neuroleptics, but antagonize some actions of full dopamine 
agonists while appearing to act as agonists at deafferented dopamine 
receptors. At high doses, they also have weak prolactin-elevating ac- 
tions in animals that are not found at moderate clinical doses. The 
azapirones fail to compete with benzodiazepine binding sites or fa- 
cilitate the action of GABA but may, instead, have some antagonist 
interactions with GABAergic transmission (with no evidence of in- 
ducing seizures). 

A major metabolite of buspirone and its dimethyl congener 
gepirone is l-(2-pyrimidyl)-piperazine (1-PP), formed by dealkylation 
of the butyl side chain at a piperazine nitrogen. This by-product is found 
in brain tissue at much higher concentrations than the parent com- 
pounds. It has some pharmacological activity, including antagonism of 
(^-adrenergic receptors, but probably little action at serotonergic sites, 
and limited antianxiety effect. It is further oxidized to 5-hydroxy- 1 -PR 
the major urinary metabolite, although hydroxylation may precede 
dealkylation. Buspirone is poorly bioavailable (59c or less), is largely 
protein-bound in plasma (95 %) with an apparent volume of distribu- 
tion of 5 liters/kg, and has an elimination half-life of about 2.5 hours. 

Buspirone has beneficial actions in anxious patients, 
particularly those with generalized anxiety of limited 
severity (Taylor, 1988). Unlike potent benzodiazepines and 
certain antidepressant drugs {see Chapter 19), buspirone 
lacks beneficial actions in severe anxiety with panic at- 
tacks. It also does not share with antidepressants their ef- 
ficacy as a monotherapy in obsessive-compulsive disorder 
and attention deficit hyperactivity disorder, although some 
reports suggest useful antiobsessional activity when bus- 
pirone is added to serotonin-active antidepressants. A lack 
of cross-tolerance is consistent with a lack of clinical pro- 
tection against withdrawal-emergent anxiety when chang- 
ing abruptly from treatment with a benzodiazepine to bus- 
pirone; a gradual transition between these classes of 
antianxiety agents is more likely to be tolerated (Lader and 
Olajide, 1987). The central adrenergic facilitating actions 
of buspirone may worsen withdrawal responses to benzo- 
diazepines. On the other hand, such effects may contribute 



to clinical observations of moderate mood-elevating or 
antidysphoric actions of buspirone. Complete under- 
standing of the actions and optimal clinical application of 
the azapirones requires further research. 



Broader recent acceptance of clozapine for general use has 
stimulated an unprecedented interest in antipsychotic 
agents with a low risk of extrapyramidal neurological side 
effects and high efficacy. Clozapine may have both of these 
desirable properties (Baldessarini and Frankenburg, 1991; 
Zarate et al, 1995). However, the risks of seizures (at high 
doses), sedation, weight-gain, fever, leukopenia, and po- 
tentially lethal agranulocytosis associated with clozapine 
complicate its use, limit its broad acceptance, and have led 
to a search for safer alternatives. Several benzepine analogs 
are known and have had some clinical assessment. These 
include fluperlapine (withheld due to leukopenia), olanza- 
pine (an analogous thienobenzodiazepine), zotapine, and 
seroquel (ICI-204,636), which remain in clinical trials 
(Meltzer, 1992; Moore et al, 1992). Most of these agents 
have a complex neuropharmacology, resembling that of 
clozapine, with interactions at several classes of receptors. 

A related approach stimulated by clozapine is to test 
agents with antidopaminergic plus other actions, particu- 
larly antagonism of central 5-HT 2 serotonin receptors. The 
benzepine compounds mentioned above have these prop- 
erties, as does the benzisoxazole risperidone. Its superior- 
ity to other neuroleptics has not been proven. The risk of 
extrapyramidal side effects with risperidone is moderate or 
low at doses below 6 mg/day. Its short half-life usually re- 
quires potentially inconvenient divided daily dosing. Am- 
perozide and several additional mixed D2/5-HT 2 antago- 
nists are in development (Gerlach, 1991; Meltzer, 1992). 

Other approaches to innovation in developing an- 
tipsychotic agents include novel modifications of cerebral 
dopamine function, such as the use of partial agonists with 
preferential effects at presynaptic D2 autoreceptors 
(Baldessarini, 1996b; Meltzer, 1992). Examples include 
preclamol (5[-]-3-PPP), the aminoergoline SDZ-MAR- 
327, pramipexole (SND-919), and 5( + )-l l-hydroxy-N-/?- 
propylnoraporphine. Some compounds thought to be se- 
lective D2 antagonists have surprisingly limited risk of 
extrapyramidal side effects, perhaps in part due to effects 
at serotonin receptors. Examples include emonapride, eti- 
clopride. raclopride, and remoxipride; licensing of remox- 
ipride was postponed because of a rare association with 
aplastic anemia. Substituted, enantiomeric /?(-f)-ben- 
zazepines show high selectivity for Dl dopamine recep- 



tors; these include the experimental compounds SKF- 
83566 and SCH-23390, and the latter's longer-acting tetra- 
cyclic analog SCH-39166. These agents are useful as ex- 
perimental ligands, but their clinical actions remain 
uncertain (Daly and Waddington, 1992; Neumeyer et ai 

1992) . 

Finally, discovery of several gene products that ap- 
pear to represent new dopamine receptor subtypes en- 
courages a search for agents selective for them. Notably, 
D3 receptors are distributed preferentially in limbic fore- 
brain (Baldessarini, 1996b; Civelli et al, 1993; Gingrich 
and Caron, 1993). Partially D3-selective agents include 
several hydroxyaminotetralins (particularly, /?[+]-7-hy- 
droxy-N,N-dipropylaminotetraliri, its congeners, and a tri- 
cyclic analog PD- 128,907) and hexahydrobenzophenan- 
thridines, with others in development (Baldessarini, 1996b: 
Baldessarini et ai, 1993; Waters et ai, 1993; Watts et al 

1993) . D4 dopamine receptors also are of interest because 
of their very low prevalence in the extrapyramidal basal 
ganglia and their selectivity for clozapine and S(-f)-apor- 
phines, which appear to be selective limbic dopamine an- 
tagonists (Baldessarini, 1996b; Van Tol et al, 1991). 

Innovative prospects for the treatment of anxiety dis- 
orders include extensions of the pharmacology of benzo- 
diazepines (Potokar and Nutt, 1994). Recent advances 
in a molecular understanding of the GABA A receptor- 
benzodiazepine receptor-Cl~ channel complex indicate 
that this ring-shaped collection of transmembrane proteins 
includes representatives of at least 16 subunit proteins in 
five groups (a, /3, y, <5, p); benzodiazepines are believed 
to bind to a subunits and GABA to j3 subunits. Various 
combinations of the subunits occur in different cell popu- 
lations (e.g., those containing the combination of a\, /3> 
72 represent benzodiazepine receptor type I, or q) { , char- 
acteristic of cerebellum; types a>>, less prevalent in CNS- 
and o>3 occur in peripheral tissues including liver). Th^ 
complexity may provide leads to receptor subtype- or even 
regionally selective agents with improved pharmacology 
cal properties (see also Chapter 17). Ligands for specify 
benzodiazepine receptor types include some nonbenzodi- 
azepines. One, alpidem, an imidazole pyridine, is a>r an£l 
^-selective and has useful anxiolytic activity in huma n 
beings, but hepatic toxicity prompted its discontinuation 
Alternatively, some benzodiazepine derivatives have been 
found to have central anticholecystokinin activity; chole' 
cystokinin has been implicated as a biological substrate f° f 
anxiety, and antagonists have been proposed as potenti 
antianxiety agents (Browne and Shaw, 1991). 

A particularly encouraging approach is the develop' 
ment and clinical testing of benzodiazepine receptor W 
ands with agonist activity intermediate between a full 3r' 
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onist such as diazepam and an antagonist such as flumaze- 
jiil (see Chapter 1 7; Browne and Shaw, 1991 ; Potokar and 
Sim. 1994). Benzodiazepines and j3-carbolines can have 
various agonist, partial-agonist, inverse agonist (reduce 
GABA effects on CP influx), and antagonist (block full, 
partial, and inverse agonists) actions. Some with partial- 
aeonist activity appear to have useful antianxiety effects 
with low risks of excessive sedation and cognitive im- 
pairment, or tolerance and dependence. Alpidem is an to\ 
partial agonist; other examples of benzodiazepine partial 
agonists include the imidazole benzodiazepines bretazenil 
and imidazenil. Bretazenil reportedly shows antipanic 
activity even when taken intermittently, with low abuse 
potential or risk of dependence. Other partial agonists 
that are not benzodiazepine derivatives include the 
jkarboiine abecarnil and heterocyclic pazinaclone. 
Abecarnil also is selective for particular benzodiazepine 
receptor subtypes. 

The recent development of several innovative psy- 
chotropic agents believed to act through central seroton- 
ergic neurotransmission (e.g., buspirone, risperidone, up- 
lake-inhibiting antidepressants) and elucidation of a 
Rowing range of serotonin receptor subtypes and agents 
th;it interact with them have strongly encouraged devel- 
opment of additional psychotropic agents acting on the 
^*i"t»tonin system. One approach includes further develop- 
of azapirone analogs as 5-HT !A ligands. Another is 



the use of 5-HTj antagonists; some modulate dopamine 
synthesis and release, and others have shown properties in 
animal tests that suggest antianxiety activity. Agents with 
anti-5-HTi-selective activity include the short-term 
antiemetic compound ondansetron and the benzamide za- 
copride; many others are known but have been subjected 
to only limited clinical testing in psychiatric disorders in- 
cluding psychosis and anxiety. 

Other approaches to the pharmacotherapy of anxiety 
disorders have included the use of antiadrenergic com- 
pounds usually employed for hypertension or other car- 
diovascular indications, including the jS-adrenergic antag- 
onists propranolol and atenolol and the a 2 agonist 
clonidine (see Chapter 10). Such compounds have not 
proven to be highly effective in severe anxiety disorders, 
but may modify autonomic expression of situational pho- 
bias such as performance anxiety (Dubovsky, 1990; Rick- 
els and Schweizer. 1987). A technical aspect of the study 
of antianxiety agents has been the introduction of various 
laboratory procedures that can induce panic-like symptoms 
in a controlled setting as a basis for testing new anti-panic 
treatments (Gorman er al., 1987). 

It is reasonable to anticipate that the rapid expansion 
of novel macromolecular target sites for CNS drug inno- 
vation may lead to innovative principles and agents for 
treating psychoses and anxiety disorders in the future 
(Baldessarini. 1996a: Williams, 1991). 



I 



Fl »r further discussion of mental disorders, see Chapter 389 in Harrison 's Principles of Internal Medicine. 13th ed.. Mc- 
Graw-Hill. New York. 1994. 
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